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Surface Convection and Variation of Temperature 

near a Hot Surface 

Ih’ 

L. A. Ramdah and K. L. Malurkar. 

(Plates I, II and III.) 

[Received for publication, 2nd January, 1932.) 

Abstract. 

The paper is in eontinnalion of tlu* previou-; pommunication entitled 
‘•Theory of extremely hij^h lapse-rates of temperature very near the 
ground.'* In Part I the nature of the turhnlence near a hot surface is ex- 
perimentally sliowu to consist of the upward incursions of very hot (dust- 
free) air near the plate and the downward movement of the colder air 
above. These movements are also suitably illustrated. 

In Part II laboratory measurements of temperature above and below 
a hot plate are discussed. The variation of temtterature with height both 
in the skin layer and in the surface layer agrees more or less with the 
theoretical expression derived in our previous paper. 

The value of a in the surface layer is about 0'29 ; this is found to be 
15 times that in the skin layer in the same experiments. 

There also appears to be a “ boundary layer" of the order of 1 ram. or 
80 in thickness in which extremely low heat conductivity probably prevails. 
It is hoped to extend the temperature measurements into this layer to verify 
this point. 


Introduction. 

In a rec6nt paper it has been shown that the temperature 
distribution very near the ground on a clear day under the 
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steady conditions prevailing at the time of the diurnal maxi- 
mum temperature can be represented by 




ainh 'a{h—z) 
sinh ah 


where <f> is the variable part of temperature, <f>o is a constant, 
and h is the thickness of the surface layer a is a constant 

equal to involving the eJBfective absorption co-effi- 

cient a of water vapour per centimetre and a- the Stefan 
Boltzman’s constant ; ffo is absolute temperature, and k is 
the conductivity term due to convection processes. 

In the present paper we confine ourselves to a discussion 
of results obtained from laboratory experiments. In Part I 
the nature of the convection process prevailing very near a 
hot surface will be discussed. In Part II it will be shown 
that the observed distribution of temperature near a hot sur- 
face is in fair agreement with the theory proposed by us in the 
earlier paper. 

Further applications of the theory to actual meteorologi- 
cal conditions will be considered in a later paper. 


Part I. 

The mechanism of the conduction of heat upwards from a hot 
surface hy means of surface turbulence. 

The mechanism responsible for conveying heat upwards 
from a horizontal hot surface exposed to the atmosphere is not 
well understood at present. From observations on shimmer- 
ing*’ on a hot day one may conclude that there must be an 
interchange of hot air tending to ascend and cold air tending 
to descend. In a previous note this state of affairs was repre- 
sented roughly by arrows pointing upwards to show hot 
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ascending air and arrows pointing downwards to show the cold 
"descending air. 



Fig. 1. 


A number of experiments were made in the laboratory to 
discover the actual phenomena involved in such a process. A 
plane sheet of iron B (see Figure 1), 1^ ft. by 4^ ft. was 
heated from below. As soon as the plate began to get hot 
shimmering was visible. A long glass tube A the lower sur- 
face of which provided a bright linear source of light when 
exposed to the sky-light near a window at a distance of 15 
feet from the hot plate, was kept horizontal and adjusted 
so as to be very slightly above the upper surface of the hot 
plate. On viewing the illuminated lower surface of the glass 
tube from C in a direction almost parallel to the hot surface 
its mirage image could be seen distinctly. On carefully 
watching the reflected image it was found that the image A' 
was wavy in form, the number of crests being more or less 
the same from time to time. Ordinarily, whenever there was 
the slightest movement of air across the space above the hot 
plate, a train of waves passed along the mirage image in the 
direction of the draught, but the cessation of any general drift 
of air did not cause the image to become straight. This shows 
that the waviness of the image is independent of any outside 
agency and that as long as the plate is hot the surface convec- 
tion responsible for it will continue. The appearance of the 
straight object and its wavy mirage image is shown by the 
figures in Plate I which are photographs taken with a camera 
provided with telephoto attachment with exposures of the 
order of Va second. It may be noted that the undulations of 
the image correspond to simultaneous undulations of an equi- 
valent plane which may be considered to be responsible for 
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the mirage reflection. The size of an undulation above the 
plate is about 2 cms. It is clear that the deformation of the 
equivalent reflecting plane (which is a millimetre or so above 
the actual heated surface) must be due to some type of con- 
vection in which the heated air tries to break through colder 
layers above and the latter tries to take its place so as to com- 
plete the local circulation. In this connection it will be in- 
teresting to see the figures in Plate II which represent the 
steam figures obtained by spreading a thin layer of water on 
the hot plate. These discontinuous isolated columns in which 
the steam rises are indeed very suggestive. 

An interesting observation was made while watching the 
steam figures. It was noticed that below the steam, and in 
contact with the hot surface was a dark apace about 1 or 2 
mms. thick which was free from steam and which persisted 
under all circumstances j the upper boundary of this layer 
underwent fluctuations similar to those indicated by the 
mirage image (see Plate I). This observation together with 
the extraordinarily rapid fall of temperature noticed in the 
first few mms. above a hot surface suggested that one has to 

deal with fluctuations in the dark space observed in the steam 
experiment. 

Our attention was drawn at this stage to the work of 
Tyndall,* Rayleigh, Aitken," Lodge ^ and Clark done between 
1870 and 1885 on the region of warm dust-free air around hot 
bodies. Aitken performed numerous interesting experiments 
bringing out the essential features of this phenomenon. The 


Trans. Roy. Soc., 


* Tindall, Proc. Roy. Inst., London, 6, 1 (1870). 

* Rayleigh, Proc. Roy. Soc., Dec. (1882). 

» Aitken. "On the formation of small clear spaces in dusty air,’ 

Edrnburgh, 82 , 239-272 (1884). ^ 

• ^ ^^6® ““iJ J- Clark, “On the phenomena exhibited by dosty air in the 

nerghbonrhood of strongly illum^^^^^ ^ Soc. London. 6, 1-2 1884) 

mi. Mag.. 17, 214 289 (1884). See also a recent note by W. J. ko^per on “ tb. 
deposition of dust on walls,” Physios, Vol. 1. No. 1, 1981 (July) 
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general explanation of the phenomenon was given by Lodge. 
Briefly, the explanation is that owing to the very large tem- 
perature gradient near a hot body a dust particle receives less 
momentum by molecular bombardment on the side away 
from a horizontal hot surface than on the side facing 
it. This differential bombardment by molecules con- 
notes a slight difference of pressure which ought to 
vanish in the steady state (i.e., steady from a molecular 
standpoint where only molecular diffusion prevails). In all 
these experiments, however, a steady state is never reached as 
there is a continuous convection set up near the hot surface 
where fresh air is being continuously brought by the convec- 
tion process and made warmer. 

The explanation given by Lodge is qualitative. The whole 
phenomenon is being critically examined both experimentally 
and theoretically in order to see (1) whether it is molecular in 
origin and (2) whether there are any points of similarity to 
the “boundary layer ” which is known to exist when a current 
of air is flowing past a solid surface. 



Fig. 2(o). 
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Fig. 2(b). 

Fig. 2 (a) shows the appearance of the thin dust-free 
layer surrounding a hot sphere immersed in a dusty atmosphere. 
Fig. 2(b) shows what happens when a small heated plate is 
similarly exposed. These are reproduced here from the 
original figures given by Aitken. It may be noticed that in 
both cases the dust-free air ascends above the centre of the 
heated object like a wedge. Most of the previous workers 
seem to have used hot objects which had areas of the order of 
2 or 3 centimetres square enclosed in observation chambers 
of small dimensions, as their object was to see the dark space 
in a steady or undisturbed state and to explain its origin. But 
very interesting results are obtained when the dimensions of 
the hot plate and its enclosure are of sufficiently large magni- 
tude. Smoke from burning sulphur and ammonium chloride 
fumes are found suitable for making these phenomena visible. 
When the hot plate rests over an extensive surface to cut off 
the influence of the under side, the situation is no longer that 
suggested by Fig. 2(b). On illuminating the cloud of 
ammonium chloride or sulphur smoke by means of a condens- 
ed beam of sunlight, one begins to see that the dust-free hot 
air near the plate actually shoots up into not one, but several 
tongues of ascending air; these dark columns of hot air rush- 
ing up into the cold air above, extend several centimetres up- 
wards, but while their base near the hot surface is to 2^ 
oms. broad, their width rapidly diminishes towards the apex. 




RAMDAS © MALURKAR. 


PLATE 11 




Stream figures over heated plate 
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These dark columns are by no means stationary as in the ex- 
periments of Aitken or Lodge ; they develop and move about 
in a random manner with a tendency to drift with a general 
wind, if any, across the plate. The corresponding downward 
movements by the side of these hot ascending columns are not 
very distinct if the plate is large and there are numerous 
ascending columns ; if the experiment is repeated on a smaller 
scale it can be seen that, while the hot wedge thrusts itself up- 
wards, two vortices also appear one on either side ; the direc- 
tion of motion of these vortices is roughly as shown in Figure 
3. It may be seen that while the motion in the smoky vortex 
is in the same direction as the ascending dust-free column of 
hot air adjacent to it, away from it the motion is downward. 
The detailed structure of the ascending and descending columns 
under controlled conditions is under investigation, but for 
our present purpose it is sufficient to note that the process 
responsible for the supply of heat from the hot surface to the 
upper layers is the ascent of the dust-free columns which are 
at any instant distributed above the plate in a more or less 
irregular pattern ; every ascent inducing or being accompanied 
by a descent of the colder air. The figures in plate III show 
a side view of this phenomenon. The photographs were taken 
with Gavart plates (speed 700) using sunlight for illumination 
with exposures of of a second. 
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The upward velocity in the ascending columns is found 
to be small near the surface, but rapidly increases a few 
centimetres above the plate. This was also observed in the 
steam figure experiments. On occasions when the up-stream- 
ing was sufficiently vigorous, one could even observe a series 
of vortices one above the other generated by the column on 
either side of it during its vigorous ascent. 

One can easily visualise now what caused the undulations 
in the mirage reflection referred to previously and the 
shimmering round hot bodies. The fundamental nature of the 
skin layer cannot be over-emphasized in all these cases where 
instability between a heated layer below and a colder layer 
above is the cause of the observed phenomena. 

It may be mentioned here that, when a vessel containing 
hot water is placed in the observation chamber, the skin layer 
and ascending columns of warm moist air arc easily seen. 
There seems to be no essential differenco from the pheno- 
menon above a hot solid plate except that the ascending 
tongues convey not only heat but also moisture upwards. 
The variation of temperature and humidity over a surface of 
water is of great meteorological interest. The problem is 
therefore now under detailed investigation. 

Phenomena below the heated plate. 

We have so far confined our attention to the phenomena 
taking place above the hot surface. One cannot close this dis- 
cussion without referring to what takes place below the 
heated plate, when the latter rests over suitable supports so 
as to expose the bottom surface to the air below. Here also 
the superheated dust-free layer of air is developed but, as 
there is no colder air mass above it, all that happens is a 
slow drifting of the hot air clinging to the underside of the 
plate as observed by Aitken (see Figure 2 6). There is practi- 
cally no turbulence and the mirage image has no apparent 
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PLATE III 



Fig. 1. 



Fig. 2. 
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Fig. 3. 



Fig, 4. 

Dark space over hot plate and its incursions into the air above. 
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undulations as in Plate I. The dust-free air turns round the 
edges and later augments the supply of the superheated air 
above the upper side of the hot plate ; but, as shown by 
Aitken and others, the dust-free layer is itself not all 
manufactured at the bottom of the plate. 

That the turbulent convection below a hot plate is 
very small or negligible is in a way well known ; for this 
is kept in view in all experiments on molecular heat con- 
ductivity of gases. 

Questions relating to the discontinuous changes of con. 
ductivity while passing from the skin layer just above the hot 
surface to the “ surface layer ” which extends higher up to 
*20 or 30 cms. will be considered in the next part. 

Part II. 

Temperature distribution near a heated surface. 

In this section we shall discuss the distribution of tem- 
perature in ( I ) the surface layer extemding from about 1 cm. 
to 20 or 30 eras, above a hot surface, (2) the skin layer 
extending up to about 10 rams, above a hot surface and (3) the 
distribution of temperature in the stable and comparatively 
turbulence free layer below a hot surface. 

Experimental arrangements. 

These experiments were made above and below a steam- 
heated chamber 2 ft. square and 1" thick made of galvanised 
iron and provided with suitable inlet and outlet tubes. The 
source of the steam Avith its heating arrangements was kept 
at a sufldcient distance so as not to influence the temperature 
of the air near the experimental chamber ; all radiation from 
the fire above which the source of steam was kept, was cut off 
by suitable screens. Two series of measurements were made; 
in the first series thermometers (Assmann spare thermometers) 
with the bulbs covered with a highly reflecting metal-foil so 

2 
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as to avoid heating by direct radiation from the hot chamber 
were used. In the latter series radiation-proof (ie., silver 
coated) copper Constantine thermal junctions of very small 
size (about 1 mm. in size) were used, with one of the junctions 
kept at 60°O. and the other junction at various heights above 
or below the experimental chamber. To give the temperature 
readings a calibrated unipivot galvanometer was kept in the 
circuit. It was found that the results obtained by the two 
methods gave more or less concordant results. In the first 
series, owing to the larger size of the thermometer bulbs the 
skin layer could not be investigated. 


Observations in the surface layer. 

Pig. 4 shows the distribution of temperature in the 
surface layer. The crosses are the observed values and circles 
the theoretical values calculated from the expression 
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It may be noted that the value of a is found to be *29. 
Several series of observations confirm these values. 

It is interesting to compare these results with those 
obtained above the road. In this case a was *26. 

It was thought that variations in the temperature distri- 
bution arising from variations in the water vapour content 
from day to day could be determined from the laboratory 
experiments. Unfortunately the observed variation of the 
water vapour content as well as of the temperature distribu- 
tion were too small to be detected. Eor example the largest 
variation of the water vapour pressure was from 10 mm. up 
to 30 mm. From 




it will be seen that we are dealing with the square root of 
the effective absorption co-efficient of water vapour for long 
waves. It is hoped to study the influence of a by further 
experiments inside chambers where the humidity can be 
altered at will by larger amounts than is possible in the 
open. 


Observations in the skin layer. 


Fig. 5 shows the distribution of temperature in the skin 
layer. Here the heights are given in cms. It will be noticed 
from the more microscopic standpoint adopted in this figure, 
that the height-temperature curve has an appearance some- 
what similar to the corresponding curve for the surface 
layer. 
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Magnetic Rotations of Liquid Mixtures 

By 

Ram Narain Mathur and Amar Nath Kapur. 

(Received for piUicaiiorit 14th January, 19S2.) 

The magnetic rotation of mixtures of organic liquids, 
like their diamagnetic susceptibility, is well known to follow 
an additive law. Recently however the diamagnetism of 
some mixtures of organic liquids has been found by Trew and 
Spencer^ to be considerably different from that calculated 
from the proportions of the components. Some of the mix- 
tures of diamagnetic liquids have even been found to become 
paramagnetic. Por example, in the case of 60 moles per cent, 
mixture of acetone and chloroform it is considered that a 
paramagnetic co-ordination compound with one molecule of 
acetone and one molecule of chloroform is formed. The 
magnetic rotation of this mixture should therefore be con- 
siderably different from that calculated from the proportions 
of the components, especially in view of the recent work of 
Ladenburg,® Roberts,® etc., who have shown that there are 
two types of magnetic rotation, the usual diamagnetic rota- 
tion and a paramagnetic rotation which arises from para- 
magnetic atoms. 

The magnetic rotations for mixtures of acetone and 
chloroform have therefore been carefully investigated. Mix- 
tures of ether and chloroform, and ether and acetone have 

* Proo. Roy. Soo., 181, 209 (1981). 

^ Zeit. f. Pbysik. xzxiv, p. 898, 1926. 

3 Phil. Mag., 9, 861 (1980). 
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also been investigated to verify the results of Trew and 
Spencer. 

Experimental. 

There are two methods generally employed for the 
measurement of magnetic rotation; (1) placing the polari- 
meter tube directly in between the pole-pieces of an electro- 
magnet, and (2) placing the polarimeter tube inside a solenoid. 
The latter method has been adopted in this investigation. 
The solenoid employed was wound over a thin fibre tube. It 
consisted of 26 layers, each having eighty turns of No. 
12 S.W.G. D.C.C. copper wire, and a constant current of 12 
amperes was passed in it during the observations. Further 
as magnetic rotation varies with the temperature, it is neces- 
sary for our purpose that the observations should all be made 
at the same temperature. Hollow copper tubing was there- 
fore wound over the polarimeter tube through which water at 
a constant temperature was continuously circulated. For a 
source of monochromatic light of high illumination, a sodium 
burner has been employed. The results obtained are given 
below : — 

Table I. 


Ghlo roform -Acetone. 


Volume percentage. 

Acetone. j Chloroform, 

Rotation observed. 

Rotation calcalated. 

1(K) 

1 

416 


80 

20 1 

4*49 

4 527 

60 

40 

4-91 

4*896 

40 

60 

6-24 

6*26 

30 

80 

6*67 

5*68 


loo 

5-998 

... 
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Table II. 

Ether-Chloroform. 


Volume percentage. j 

Rotation observed. ! 

1 

Rotation calculated. 

Chloroform. 

j Ether. 

10:) ! 

! 


Ill 

80 

2o 

5*60 

5‘60 

r.o 

' 40 1 

510 1 

5 20 

I 

1(1 

) 1 

1 4‘8() 

1 4’805 

20 

80 

j 4’42 

1 4-407 


too 

4-01 

1 

t 

j 


Table III. 
Ether-Acetone. 


Volume percentage, j 

Rotation observed. 

Rotation calculated. 

Ether. 

Acetone. 

100 


4*01 


80 

20 

4-01 

4-0*1 

60 

40 

4-07 

4-07 

40 

60 

4-11 

4-10 

20 

80 

413 

413 

... 

lOO 

416 

... 
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Results. 

The results obtained by Trew and Spencer have recently 
been contradicted by Ranganadham * and Buchner ® who find 
that the experimentally determined values for the diamagne- 
tism of the mixtures do not differ by more than 1 or 2 per 
cent, from the calculated values. The results obtained for 
the magnetic rotations of their liquid mixtures also lead to 
the same conclusion. The maximum difference between the 
experimental and calculated values for mixtures of acetone 
and chloroform is of the order of 1*2 per cent, while in the 
case of ether and acetone there is practically no difference 
whatsoever. If, however, as Trew and Spencer think, the 
formation of a paramagnetic co-ordination compound had 
taken place in these liquid mixtures, their magnetic rotations 
would have been considerably different from those calculated 
by the additive law. 

Univrrsity Chemical Laboratobibs, 

University op the Punjab, 

Lahore (India;. 


^ Nature, 127, 1931, p. 976. 
» Nature, 128, 1931, 301. 
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The Diamagnetism and Structure of some Compounds 
of Ethylene, Carbon tetrachloride and 
Titanium tetrachloride 

By 

V. I. Vaidhianathak and Balwant Singh. 

{Received for publication, l8th January, 1932.) 

Abstract. 

The magnetic susceptibilities of C2H4, CjH4 (OH),, CgH4(NHj)j, 
C.2H4CIJ, C,H4Brj, C3H4T,, CCI4 and TiCl4 have been determined, 
special care being taken to purify the substances by repeated distillations 
at their boiling points and recrystalHsations in the case of A high 

sensitivity Curie balance with quartz suspension and retorsion bead was 
employed. Deviations from additivity relations were found in most cases. 
An attempt is made to interpret these deviations from the standpoint of 
the nature of the valency links. 

Introduction. 

It is a well-known fact that in organic compounds 
the molecular susceptibility can be expressed as the sum 
of the susceptibilities of the atoms composing the molecule. 
This additive relation holds good in the saturated hydro- 
carbons fairly accurately, but in the unsaturated hydro- 
carbons, as also in compounds containing other atoms, there 
are considerable deviations from the law, the deviation in 
the latter compounds depending on the nature of the group 
attached to the carbon atom. Additivity relations also hold 
good in many diamagnetic inorganic compounds, the molecular 



20 


y. I. VAIDHIANATHAN AND BALWANT SINGH 


susceptibility being equal to the sum of the susceptibilities 
of the constituent ions. Most of the data for organic 
compounds on which discussions on additive relations are 
based are due to Pascal and they are on liquids. Recent 
measurements have in some cases superseded those of Pascal. 
It was, therefore, thought worthwhile to systematically 
examine a few compounds accurately and determine the 
deviations from additivity when different groups are attached 
to the carbon atom. 


Experimental. 

In a previous investigation the value for ethylene has 
been determined.* In the present investigation five com- 
pounds of ethylene were selected, mz., glycol, ethylene 
diamine, ethylene chloride, ethylene bromide and ethylene 
iodide. To examine fully the effect of the addition of 
chlorine, carbon tetrachloride and titanium tetrachloride 
were also examined. Glycol, diamine, ethylene chloride 
and carbon tetrachloride were Kahlbaum^s specimens, 
but were distilled two or three times. The susceptibility 
was determined after each purification. The bromide and 
iodide were prepared in the laboratory. The iodide was 
recrystallised until its boiling point was constant and the 
susceptibility was determined after each purification. Titanium 
tetrachloride was Merck’s extra pure specimen, but could 
not he further chemically purified due to its highly fuming 
nature. An analysis of the specimen was made subsequently 
but was not found to contain any appreciable impurity 
especially of iron or other ferromagnetic compounds which 
are liable to introduce errors. 


1 The value of CjHi is taken from a previous paper by V. I. Vaidhianathan, Ind. 

F. Bitter in Physical Beview, 
33, 389 (1929), obtains a still lower value. The I. C. T. value for specific ansceptibility 
of ethylene is three tunes the value obtained in these investigations and appears to b. 
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A high sensitivity Curie Balance with quartz suspension 
and retorsion head was employed. The spot of light attached 
to the beam was brought back to the original position. 
The retorsion angles were generally about 8 to 10 degrees 
and they could be read accurate to 2 minutes of arc. The 
liquids were sealed in very thin pyrex tubes to prevent 
evaporation and the mean of a number of readings was 
taken. Correction for the empty capsule was applied. Equal 
volumes were taken in all cases and the pull against air 
could be neglected since the values were compared with 
that of water. The latter value was taken as 0'720.‘‘ The 
mean temperature at which the investigations were made, 
was 32°C., and a field strength of nearly 4000 Gauss was 
employed. The current in the magnet was kept quite con- 
stant with finely adjustable resistances and the readings were 
quite consistent. The advantage of the torsion method is 
that it can be made very sensitive and the comparisons can 
be pushed to the extreme limit of accuracy. The main diffi- 
culty is the maintenance of the field and particular care was 
taken to maintain the field constant. The values are considered 
accurate to within 0 5 per cent. Possibly in titanium tetra- 
chloride the value is accurate to about 5 per cent. only. 

Results. 

The values obtained are given in the following table. 
Column 5 gives theoretical values obtained by the addition 
of the susceptibilities of the constituent elements. Column 
6 gives the difference between the theoretical and the ex- 
perimental values. In obtaining the additive value for 
titanium tetrachloride, the value of the Ti*^^ ion is cal- 
culated from the known value of Ca +2 ion, for there is 
no experimental determination of the former. The value 
thus obtained is — 13.2. 


® The value# given in the paper are in units of lO" 
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Table I. 


Substance. 

Formula. 

Sp. X 

Mol, X 

Additive 

value. 

Difference. 

Ethylene (gas) 

C 2 H 4 

0-646 

15*30 

23*80 

+ 8*6 

Glycol 

CjHifOH), 

0C38 

39*58 

38*9 

- 0*68 

Ethylene diamine 

CjHiCNH), 

0*771 

46-20 

46*8 

-0*46 

Ethylene chloride 

CgHiCla 

0-602 

59-02 

68-3 

+ 8*68 

Ethylene bromide 

C2H4Br2 

0*412 

77*37 

88*44 

+ 11-07 

Ethylene iodide 

C 2 H 4 T 2 

0*371 

104*7 

115-3 

+ 10*6 

Carbon tetrachloride 

CCI 4 

0*4279 

65*7 

83*2 

+ 17-5 

Titanium tetrachloride 

TiCl 4 

0*287 

1 

54*54 

93‘6 

+ 39*1 


In obtaining the additive value, the following diamagnetic 
values are taken for the constituent elements or ions compos- 
ing the molecule. C«=6, H=2’95, N=5*l, Cl = 20*1 Br = 30’6, 
I«=s44*6, 0=4’4, Ti = 13'2. The last column indicates the 
value to be added to the experimental value to obtain the 
additive value. 

Discussion. 

In the case of ethylene the decrease of diamagnetism 
due to the double bond is interpreted as due to the concentra- 
tion of the positive nuclei of the two carbon atoms, which as 
a consequence behave as though they form a single centre 
of force for the outer electrons which are magnetically 
important.^ The fact that sulphur and ethylene have the 
same susceptibility and the same number of electrons lend 
support to the possibility of such an electron configuration.^ 


3 Stoner, Magnetism and Atomic Structure, p. 332, 1926, 

4 The question of ethylene has been considered in a previous paper, Vaidhianathan, 
loc, cH, The decrease of diamagnetism due to the double bond 0«C is 6*5 as deduced by 
Pascal from measttrements in the liquid state* As deduced from the ethylene gas this 
decxease is 8*5 . 
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It was the object of the present investigation to see if 
some quantitative relation could be found between the devia- 
tions from additivity and the nature of the valency links. 
Though quantitative relations could not be arrived at, 
qualitatively it appears that a satisfactory interpretation 
could be obtained by considering the different kinds of 
valence links and their effects on the diamagnetism of the 
molecule. 

For example, in the case of a polar molecule like KOI 
the value of diamagnetism obtained is equal to the sum of 
the values for Cl and K ions. The value for KCl, whether 
it is deduced from solution or is determined from the solid 
state is the same. In solution the ions are free and have 
a distinct existence. The fact that in the solid form the 
diamagnetic value does not differ from that in the solution 
points to the existence of the free ions in the solid, which 
are held by the electrostatic attraction in the crystal lattice. 
K+ and Cl“ have both an argon configuration, the former being 
positively charged and the latter negatively. The value 
theoretically deduced is also equal to the experimental. In 
the case of many simple polar compounds, such relations are 
found to hold good. 

Taking the case of a molecule of carbon tetrachloride 
or ethylene chloride, what is the nature of the valency link 
best in accord with their diamagnetic property ? ^ It is ob- 
served that when a chlorine atom is linked with a carbon 
atom in ethylene chloride or carbon tetrachloride, a decrease 
in diamagnetism results. This is found to be 4'3^ in the 
former and 4’37 in the latter for each 0-01 link. The equal 
decrease is possibly in the nature of the 0-01 links in both 
the molecules. 


B For the different kinds of valency links according to chemical evidenoep see 
Bidgwickt Electronic Theory of Valency, p. 58 (1927). 
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According to Kossel,* a CCI4 molecule is representedas 
possessing a central carbon atom which has lost by transfer 
4 electrons, each of the chlorines having tahen up one and 
completed its argon configuration. The central 0 atom has 
now the helium structure. The atoms are held by electrostatic 
attraction. The diamagnetic susceptibility according to such 
configuration can be computed. By comparison with the 
susceptibility of helium it can be shown that the C atom in 
OCI4 should contribute 0'3 to the susceptibility of the mole- 
cule. For, the larger nuclear charge in C contracts the 
K orbit which has the same configuration as helium, and 
for similar configurations the susceptibilities are proportional 
to the areas of the orbit, which again are inversely as the 
square of the nuclear charge. For chlorine the value 
deduced from the various compounds and ions is 20’1. Hence 
the total mol. susceptibility of COI4 should be 6*7 less than 
the value obtained by treating the atoms as non-ionised. 
The observed value however is still smaller than this. 

A second kind of valence link according to chemical 
evidence is the shared one, where the valency electron is 
common to both the nuclei. The simplest type of such an 
orbit is an elliptical one where the valency electron moves 
round encircling both the nuclei. This is the covalent link 
as distinct from an electrovalent one considered in the 
previous paragraph. In the case of such a single orbit ex- 
isting in the C-Cl link its contribution might be paramagnetic, 
and the observed numerical diminutino in diamagnetic 
susceptibility might thus be explained. 

A very interesting case is that of TiCl,. This compound 
does not seem to have been investigated before. Ti and its 
compounds so far investigated are paramagnetic (I.C.T.). 
But TiOl* is diamagnetic as might be expected. Qualitatively 

• For a diagrammatic representation of the COi molecule according to Eoesel, see 
Braggl *0 X^Bay and Crystal Stracture, p. 158 (1927). 
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the idea that four electrons are transferred from the central 
titanium atom to each of the chlorines, each having the argon 
configuration is in agreement with its diamagnetism. The 
central titanium atom when it has given up four electrons 
has 18 electrons left, so that each Ti-Cl link presents a problem 
analogous to the K-Cl link. The additive value for the 
molecule should be 93 6 whereas the observed value is 54*5, 
which is 80^ smaller. On the other hand, using the idea 
of shared orbits as in CCI4, the decrease is intelligible. 
The decrease, however, is about twice that in CCI4, approxi- 
mately 9‘79 per Ti-Cl link. In connection with the covalent 
linkage between Ti and Cl atoms suggested above, it is to 
be noted that titanium chloride is not ionisable as the 
corresponding halides of calcium or potassium, but hydrolyses 
considerably. 

In the case of glycol the additivity law is obeyed, but 
an arbitrary value— 4‘4 is to be imposed on the oxygen to 
obtain agreement. Whenever an OH group is attached to the 
carbon atom, this value of oxygen brings the experimental and 
theoretical values in agreement. Chemically there is very 
little significance in imposing this value of oxygen in the 
alcohols. On the other hand, it is the group OH which has 
9 electrons that tends to complete a ten electron system by 
transfer or sharing. A free OH has a susceptibility— ]2‘6 
according to Pauling.^ As in the case of the chloride, bromide 
or iodide if we take this ionic value of OH, the theoretical 
value of glycol should be 9 42 larger than the experimental 
value. From this standpoint glycol also shows a decrease 
as the other compounds discussed above do. The compound 
glycol though polar is non-ionisable. It seems that magnetic 
considerations do enable non-ionisable and ionisable links to 
be distinguished when taken in conjunction with other evi- 
dences at least in simple cases. 


' L. P»nling, Proc. Roy. Soc., A H4, 181 (1927), 
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In the case of ethylene diamine theobserved value is 
nearly equal to the additive one, when a value —61 is given 
to nitrogen. There is no experimental or theoretical value 
for the free amine ion in solution or ionisable compounds to 
see if this compound behaves differently from others. Since 
there are three nuclei in the amine group, it is probable that 
when attached to the 0 atom the electrons move about the 
different centres of force and in that case the diamagnetism 
cannot be expected to show a decrease. It is worthy of note 
that though the OH and the NHj have both 9 electrons, the 
former has a considerably larger scattering power for X-rays 
than the latter and this indicates a concentration of the elec- 
tronic charge in the former. A larger diamagnetism than 
in OH may therefore be expected in the NHj group. 

It has been possible in this paper to consider only some 
typical simple compounds from the standpoint of the two 
kinds of valency links. There are possibly links which are 
intermediate between the electrovalent (electron transfer) and 
the covalent (electron sharing) links. Summarising, it may be 
said that the examination of the accurate data of the dia- 
magnetism of compounds seems to be fruitful for deciding 
their electronic structure. 

We have great pleasure in thanking the Punjab Chemical 
Research Pund Committee, for the grant of a scholarship 
to the junior author for carrying on these investigations. 

PhisicsDepabtmbnt, 

F. 0, OoUiBOB, Lahoke. 
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On the “ Performance Test ” in Statistics 

By 

S. R. Savur 

(Received for publication, 29th January, 1932) 

In a recent issue ‘ * of the Quarterly Journal of the Royal 
Meteorological Society, Dr. C. W. B. Normand has mentioned 
a valuable test which he has named the “ Performance test.” 
This test has been stated incidentally among a host of 
other things so that there is a possibility of its being over- 
looked. Besides, the different uses to which this test could 
be put have not been discussed there. In this short preliminary 
note, therefore, some applications of this important test will 
be given. 

As this test was first stressed in connection with finding the 
significance of correlation co-efficients or regression formulae, 
we shall begin with its applications to these cases. It may be 
wondered whether there is any need for a new test when 
already there appear to be a large number for such a purpose. 
We have, in the first place, Pearson and Pilon’s formula^ for 
the probable error of a simple correlation co-efficient when the 
number of observations is not small. Then there is Walker’s 
addition® to it. More accurate tests depending on Pisher’s 
investigation * can be made using the tables given in the joint 


* The references ere given at the end of the paper. 
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paper by Soper, Young, Cave, Lee and Pearson.® A variety 
of such tests, from a practical point of view, will be found in 
Fisher’s admirable book “ Statistical Methods for Research 
Workers ” or in Ezekiel’s valuable book.* In spite of the 
number of these tests the need for a test, such as that suggested 
by Dr. Normand, can be seen from the following considera- 
tions. 

Suppose we wish to find a formula for forecasting rain at 
a particular place. We correlate the rainfall at that place 
with a number of other factors. We choose, say, four or five 
of these factors to form a multiple regression equation. In 
choosing these factors we do not merely consider the large 
magnitude of their correlation co-efficients with our rainfall, 
but we also see that the intercorrelations between these factors 
are small. The selection is not only thus complicated but 
is mainly individual in that different persons are likely to 
choose diverse factors from the same lot. Now no test has 
yet been devised to take an adequate account of these 
individual vagaries. It is in such cases that Dr. Normand’s 
test is particularly valuable. 

Because of the almost insuperable theoretical difficulties 
in the way of devising a suitable test in which the individual 
judgments have been allowed for, the performance test is 
based upon the behaviour of the formula subsequent to 
the date up to which the data have been used in computing 
that formula. That is to say, using the above illustration, 
suppose data up to the end of 1931 have been used to calculate 
the best multiple regression formula for the annual rainfall. 
To find the true C.O. of this formula. Dr. Normand suggests 
waiting for a few years, say 20 or 26 years at least, so as to 
minimise the probable error, and then finding the C.C. between 
the actual rainfall and that calculated from this formula after 

* Methods of Correlation Analysis, by Mordecai Ezekiel, published by John Wiley & 
Sonsj Ino.^ New York, 1930 



29 


ON THE “ PERFORMANCE TEST ” IN STATISTICS 

1931. To this C.G. can he applied the usual tests of signifi- 
cance for a random simple G.C. and we can thus obtain the 
probable value of the true G.C. of the formula. The nearer this 
C.G. is to that of the formula prior to its testing, the nearer 
will it be to the true value of the O.C. We have thus got a 
test in which individual bias has been completely eliminated. 
This is the performance test and herein lies its value, its 
simplicity and beauty. 

This test is so obvious, once it is pointed out, that it is 
surprising that it has not been emphasised before. To a 
modified extent it has been used by Sir G. T. Walker to 
test his 1908 formula for forecasting monsoon rainfall in 
India and by Dinsmore Alter® for a similar purpose in 
connection with his formula for forecasting British rainfall. 
Both were, however, mainly concerned to point out that 
the O.Cs. subsequent to the date on which the formulae were 
computed were still high. Neither of them calculated the 
errors to which these C.O.s are subject, or appear to have 
suggested that the test could be used in the way pointed out 
by Dr. Normand. 


A Few Applications of the Test. 

(1) Multiple correlation formulae.— For forecasting various 
seasonal rainfalls in India G. T. Walker devised six forecast- 
ing formulae.’ Although some of these were computed as 
early as 1920, they were all published in 1924i in the 
Memoir’ referred to above. We shall call these the “1924) 
formulae.” Recently ® they were recalculated using data up 
to the end of 1929 or 1930. These new formulae will be 
termed the “ 1930 formulae.” The 1924) formulae are there- 
fore suitable for the application of Dr. Normand’s test, but 
the periods, ranging from 11 to 8 years, are rather small. The 
results are shown in the table below. 
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Tablk I. 


Correlation Go-efficient, 


Forecasted element . 

1924 foririula. 

1900 formula. 

From Dr. Normand’s test 

A 

North-west India winter 
precipitation. 

-f 

0*76 

+ 

0-54 

I 

[ 

-•07 

±•23 

A 

Peninsula June-Sept. 

rainfall. 

il'Tf*' 

0*69 

j 

+ *14 

±•26 

C 

N. W. India (ii>. do. 

0-7B 

0*64 

-•20 

±•24 

D 

N. E. India do. do. 

j 0*52 

()'39 

-•06 

±•25 

E 

Peninsula Aug.-Bept. 

rainfall. 

0*60 

0‘64 

+ •63 

± *13 

F 

N. W. India do. do. 

070 

i 0*61 

i 

+ 18 

+ •20 


The co-cfl&cients from Dr. Normand’s performance test 
have all very large probable errors (excepting for the formula 
E) due to the smallness of the C.Cs. and of the periods. 
Hence no definite conclusions can be drawn in these cases. 
But we may with great confidence say that formula E is the 
best of the lot and that the real value of its C.C. is likely to 
lie within the limits mentioned above. A different analysis 
made on the assumption that the factors were chosen at 
random,^ placed B first and E second in the decreasing order 
of significance. In view of the above, however, E has to be 
placed first. The relative order of the remaining cannot be 
definitely decided until a few more years elapse. The above 
analysis has been given mainly as an example of the practical 
application of Dr. Normand’s test to multiple regression 
formulae. 

(2) Simple correlation coefficients . — When we work out a 
number of simple C.Cs. we apply Walker’s test ” to find out 
which of them are significant. According to the performance 
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test we must exclude from Walker’s test those factors which 
have been selected on other grounds, and in these cases the 
C.Cs- must be worked out using data subsequent to the date 
on which they have been first selected, applying to each of 
theses C.Cs. the usual formula for a simple C.C. to find out 
its probable error. Examples of such cases have already been 
given by Dr. Normand.^ We will select only two out of 
them. 

Snowfall accumulation on the Himalayas lo the end of 
May was found more than 60 years back to affect adversely 
the monsoon rains in India, especially in North-West India. 
Norraand’s test gives us the C.C. between the Himalayan 
snowfall and North-Western India rain (June-Sept.) as — 0'31 
±• 09 . 

Again the Lockyers noted the inverse relationship be- 
tween South American pressure and Indian pressure early this 
century. This suggested a relationship between the former 
and the rainfall in India. The co-efficients obtained as above 
are — 


C.C. by Dr. Normand’s test. 

S. Amer. pressure-Peninaulii rain (June«Sept.) ... +0'34 +12 

S. Amer. presaiirc-N. W. India rain (June-Sept.) ... +0’53 ±*12 

We may therefore conclude that the values to which 
these co-efficients will tend after many years are likely to be 
within the respective limits mentioned above. 

A better approximation to the true C.C. may be obtained 
by the application of Fishers’ principle of " Maximum likeli- 
hood.” Details will be given in a fuller paper which is under 
preparation. 

(3) Selection of factors for a forecasting /ormMla.— For 
a large number of meteorological elements reliable data 
are available at present for not less than 60 years. Suppose 
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we wish to find a formula for forecasting or, as Walker* 
has suggested, for foreshadowing rainfall at some particular 
place. Let there be a number of factors to choose from for 
which data are available, say from 1871-1930, i.e., for 60 years. 
We correlate the rainfall with the various factors using the 
data for the 1st half period only, i.e., from 1871-1900 and 
selecting the best we compute a multiple regression formula. 
Using this formula we calculate the rainfall for the second 
half of the period and correlate the calculated values with the 
actual. In whatever way our choice may have been made, 
this C.C. will give the probable value of the true 0.0. of the 
formula within the usual limits of error found in the manner 
suggested in a previous paragraph. We will therefore be in a 
much better position to know the confidence that can be 
placed in the forecasts from this formula. If this 0.0. is 
positive and is considered to be sufficiently big * we may use 
the full data for getting a more accurate formula ; if not, 
fresh factors will have to be looked for. 

(4) Realities of periodieities . — It is interesting to note 
that a test intended for finding the significance of correlation 
co-efficients can be extended to a different sphere altogether. 
This proves that the test is quite general. 

When we analyse a set of data for periodicities, we may 
apply Schuster’s criterion^® as extended and used by Walker* 
and “ to discover the reality of the periods found by us. In 
spite of this it is not a little disconcerting to find that the same 
set of data when analysed by different investigators have not 
always yielded similar results. Analysing sunspots Schuster “ 
found three periods, viz., 11T25, 8*36 and 4*80 years. Larmor 
and Yamaga^* doubted the existence of the 8*36 year period. 
Turner “ found that the first period suggested by Schuster was 
more nearly 11*6 years. Miohelson who analysed these data 

* Some foreoasterB Mte satisfied with valoea of 0.0. as low as O' 6 while others want 
Talues not less than 0*71 v^'6). 
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by a harmonic analyser concluded that there were no note- 
worthy periods at all ! In view of these conflicting deductions, it 
is not a little consoling to think that a natural extension of the 
general principle involved in Dr. Normand’s performance test 
will give us a test for finding the reality of periods. 

The extension is simply the following. We divide the 
data into two halves and analyse each half separately for perio- 
dicities. If there are any common periods these are real, if 
none we may reasonably conclude there are no significant 
periods. 

It is true that a similar process has been tried before, * 
but there the periods had been divided into more than 
two portions and had some common intervals. The point that 
is especially stressed upon now is that the whole data should 
be divided into two portions, preferably equal as may be 
inferred from the analysis given before with no overlap- 
ping periods at all. These two are quite essential for the 
application of the test. 

This test was applied to the rainfall at Madras for which 
there is an unbroken record since 1813. The annual rainfall 
data were divided into two halves of 69 years each and were 
analysed for periodicities by a simplified method suggested by 
the author.’® The first half gave the periods of 9T2 and 16 
years, while the second half yielded the periods of 6, 7, 12 and 
14^ years. It is easy to see that the most important and real 
period is 12 years. To see whether there are minor real 
periods this period of 12 years should be eliminated from the 
original data as suggested by Turner,’* and the residuals 
analysed for such periodicities in the above manner. This 
work is in progress. 

In conclusion it is hoped that in addition to the above- 
mentioned uses to which Dr. Normand’s performance test can 
be put, many others will be discovered for this general and 
very valuable test. A paper in which the applications of 
this test are given in greater detail is in progress. 

6 
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Abstract. 

Colloidal bismuth when melted and rccrystalliied shows an increase in 
its diamagnetic susceptibility value (x). This result confirms the obser- 
vation that X decreases with particle size. Attention is drawn to the work 
of Goetz who finds that there is a superposition of a macroscopic structure 
on the lattice structure in bismuth crystals. The possibility of a connection 
between this mosaic structure and the variation of the diamagnetic suscep- 
tibility with particle size is indicated. 

1. Introduction. 

Vaidyanathan ' showed that when bismuth was mechanical- 
ly or electrically colloidalizcd, the value of the diamagnetic 
susceptibility decreased considerably from, the mass value. 
He also drew attention to similar observations by Honda and 
Owen.'^ Bhatnagar® and later Matbur and Varma^ concluded 
as a result of careful experiments that this fall in the suscep- 
tibility value might be due to mere oxidation. Their investi- 
gations showed that when the oxide-coated colloidal particles 
were treated with tartaric acid to dissolve the oxide layer, 

> Ind. Jour. Phys., S, 559 (1930). 

» Ann. der. Phys., 37, 657 (1919). 

» Ind. Chera. Soo. Jour., 7, 975 (1930). 

^ Ind. Jour. Phya., 6, 181 (1981). 
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then washed with alcohol, dried and examined, the susceptibi- 
lity showed a considerable rise in value. The author ® exa- 
mined the question carefully with well graded particles and 
found that even after tartaric acid treatment, x was much less 
than the regulus value. It was found also that x varied as 
the inverse of the diameter of the particles. Similar obser- 
vations were made also with graphite. 

The significance of these observations has been greatly 
increased by the recent remarkable results of Goetz and 
Hergenrother * who have found that in bismuth crystal, be- 
sides the lattice structure, there is also a secondary structure of 
macroscopic dimensions. The side of the elementary pyramid 
was found by Goetz ’’ to be It is a strange coincidence 

that the diamagnetic susceptibility of bismuth begins to de- 
crease comparatively rapidly at particle sizes less than about 
I'Bfi. There seems to be little doubt that the two phenomena 
are related to each other. This point will be treated at some 
length later. 

In this paper some experiments are described which go 
to confirm the reality of the effect of decreasing diamagnetic 
susceptibility with particle size. Instead of the ordinary 
method of powdering crystalline bismuth, an attempt has been 
made to re-crystallise the metal powder by melting it in vacuo 
and slow cooling. If the diamagnetism does not depend on 
particle size, then on melting and re-crystallising there should 
be no change in the value of x- But it is found that there is 
a rise in its value after heat treatment. 

2, Experiment. 

Bismuth colloidal powders were prepared in the same 
manner as detailed in paper I. They were carefully washed 

Ind. JoQi. Phys., 6, 241 (1931). This paper will hereafter be called paper 1, 

• Phye. Rev., 88, 2076 (1931). 

’ Proc. Net. Acad. Sci., 16, 09 (1980), 
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and then treated with a strong solution of tartaric acid and 
gently boiled. This was repeated twice or thrice, the solution 
being thrown ofE each time. The powder was then washed 
several times with alcohol and then transferred in the presence 
of alcohol to glass tubes having small bulbs blown at one end. 
These tubes were evacuated and sealed when the powders 
were dry. Similar bulbs were also blown from the same 
glass tubes and sealed without any powder inside. 

These bulbs containing the powders and the empty ones 
were now investigated with a Curie balance, the deflection 
for each bulb being noted. Three benzene bulbs were used as 
the comparison bulbs, the amounts of benzene being adjusted 
to give three different ranges of deflection. 

The bulbs were now placed inside an electric heater and 
then heated gradually to a temperature of 275° to 280°, i.e., a 
few degrees higher than the melting point of bismuth. The 
bulbs were now allowed to remain at this temperature 
for nearly two hours and then allowed to cool gradually to 
the room temperature in the course of 6 to 8 hours. This 
was done by gradually decreasing the current through the 
heater. 

It was found on examining the metal that it had melted 
in each bulb and had collected into a mass. All the bulbs 
were now reinvestigated with the Curie balance and the 
deflections were corrected with the standard benzene bulbs. 

The bulbs were broken open and the bismuth dissolved 
by nitric acid. They were then cleaned with distilled water 
and dried in a vacuum desiccator. The deflections of the bulbs 
alone were then determined. 

From these readings it was possible to calculate the dia- 
magnetic susceptibility of the colloidal powder before and after 
heat treatment. The results with empty bulbs showed no 
change of deflection arising from the containers after heat 
treatment. In this method, the effect of any oxide left 
behind or of occluded gases if any, is of no account. The 
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change of the diamagnetic susceptibility is to be attributed 
entirely to recrystallisation . 

The method of melting and slow cooling has been used 
by several investigators to produce single crystals. McLennan 
and his collaborators® have cooled molten zinc over an interval 
of about 11 hours and obtained perfect single crystals. There 
is reason to believe that when the bismuth is cooled in small 
bulbs under the conditions obtaining in these experiments, 
crystallisation does not take place in any specific direction. 
The solid becomes an assemblage of several crystals. The 
susceptibility results obtained and recorded below justify 
these conclusions. 

Focke ® has given as the principal susceptibilities of bis- 
muth the values 1'046 parallel to the main axis and 1‘487 per- 
pendicular to the main axis. His value for a heterogeneous 
aggregate of crystals is 1‘340.’® 

3. Results. 


The results are given in the following table ; 


Diam. of particle 

X before beat 

j After beat treatment. 

i 

! 

f 

! Value of X correc- 

in fx. 

treatment. 

X, 

Xi 

\ 

i 

X 3 

1 x* 

1 tod for the osjdo. 

i 

j 

0 25 

0*78 

1 ro2 

!•()(; 

ros 

1 

1 roos 

■' 0-97 

1 

0-30 

0-83 

1 I'O;" 

1*0G 

1*07 

1 000 

i 1*02 

0*60 

0-98 i 

1-22 

1*18 

1*10 

n87 

1 

! 1-08 

1-00 

1*20 i 

1*30 

3*32 

1-32 

* 1*313 

1-21 

4*00 

1*23 

1*27 

1*30 

1-31 

1 ]*293 

126 

Begtilua. 

1*32 

1*3*1 

1*32 

__ 1 

1-32 ^ 
1 

1*323 

1-323 


* Proc. Roy. Soc., A, 121, 9 (1928). Seo also Bridgman, ‘ Proc. Am. Acad., A, 60, 806 
(1926) and KapHza. Proc. Roy. Soc., A, 119, 358 (1928). 

• Phys. Rev., 86, 819 (1930). 

All •pecjfic diamagnetic susceptibility values in this paper are to be multiplied by 
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Xj, Xj and xs above table are the susceptibilities of 
the heated mass of bismuth in three mutually perpendicular 
directions. These values do not differ considerably from each 
other and from the mean value. This indicates that the bis- 
muth mass may be taken to be an aggregate of several 
crystals. 

It will be noticed that the regulus value does not show 
any change after heat treatment. But the colloidal powders 
show an increase. This is strikingly shown in the case of 
the finer particles. However in these cases the average sus- 
ceptibility is still far below the mean value (1*323) for the 
regulus. 

This is due to bismuth oxide still present in the bulb. The 
tartaric acid method in spite of great precautions does not 
seem to remove the oxide completely from the powder. While 
the bulbs containing the regulus bismuth were very clean 
after melting and cooling, the bulbs containing the powders 
became soiled inside because of the oxide separating out. 

This fact, namely that there is still some oxide left behind 
even after tartaric acid treatment, shows that the curve shown 
on page 264 of paper I should really be less steep. Assuming 
that the susceptibility of the oxide is 014 nearly (see limiting 
value of the curve on page 246 of paper I) a calculation gives 
the values shown in the last column of the table for the sus- 
ceptibility of the pure powders. The curve (a) in the accom- 
panying figure shows the variation of x with d (d being the 
diameter of the particles). 

It will be seen that x begins to decrease rapidly when 
d is nearly 1.6 /x. The curve {h) in the figure, drawn between 
X and 1/d is still a straight line. This variation may be taken 
as a good estimate of the actual variation. 
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Fig. 1. 


4. Discussion, 

Our present knowledge concerning the variation of the 
magnetic susceptibility with particle size is limited only to bis- 
muth and graphite. We have no other evidence except an 
observation by Yaidyanathan “ on colloidal gold. In the 
absence of details regarding this investigation, one cannot draw 
any conclusions from this observation. Only bismuth and 
graphite and perhaps antimony seem to show distinctly anoma- 
lous diamagnetism. 


U Nfttnre. 1S8, 802 (1931). 




THE DIAMAGNETISM OF BISMUTH 


41 


Mention was made in paper I that the fall of x with parti- 
cle size may be explained by increased internal stress on 
mechanical colloidization. This followed as a result of the 
experiments of Honda and Shimizu.*^ 

The results of Bitter and Eoladare on similar lines indi- 
cate that magnetic susceptibility is structure sensitive. 
Lowance and Constant “ extended their experiments and 
showed that the structure sensitiveness of the magnetic suscep- 
tibility was due to the partly bound electrons, the free and the 
completely bound electrons being structure insensitive. It 
is also known from the work of De Haas that these partly 
bound electrons also account for part of the electric conduc- 
tivity. 

It is highly probable that the structure sensitive electrons 
are the same as Bichardson’s structure electrons since the 
secondary electron emission and the soft X-ray discontinuities 
which probably arise from these electrons are also dependent 
on the surface structure/® 

Bismuth is interesting from other considerations. Qoetz 
recently studied microscopically the structure of fresh faces of 
bismuth single crystals and the growth of etching on such 
surfaces. He finds that the bismuth crystal consists of blocks 
of a definite size, these blocks being the smallest unit above 
the lattice unit in the crystal. The side of the elementary 
pyramid was found by him to be 1*4 /x. Goetz and Hergen- 
rother have investigated the question carefully and they 
show a distinct difference between the lattice expansion and the 
macroscopic expansion. The former was found to follow 


12 Nature, 126, 990 (1930). 

This work ia referred to in ref. (14). 
H Phy. Rev., 38, 1547 (1931). 

15 Nature, 127, 335 (1931), 

16 Proc. Roy. Soo., A. 128, 633(1930), 

17 Loc, cit, 

18 Loc. cit. 
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closely Gruneison’s postulate (co-efficient of expansion varying 
directly as the specific heat) while the latter remained constant 
over a large range of temperature and began to decline rapidly 
at about 30 or 40 degrees below the melting point. The 
expansions were no doubt obtained parallel to the main axis 
of the crystal but the results are capable of extension in other 
directions. 

The idea of a macroscopic structure superposed on the 
lattice structure is a very surprising result but it accounts for 
a number of observations. 

It is a good coincidence that the diamagnetic suscepti- 
bility begins to decrease when the particle size reaches a value 
of 1*6 /t, i. e., when the parameter is nearly equal to that of 
the macroscopic unit or elementary block of bismuth. 

It appears also reasonable to attribute the macroscopic 
structure to the partly bound or structure electorns. These 
electrons may have very large orbits. The disposition of the 
orbits of the outer lattice electrons gives the cleavage face of 
the lattice structure. In the same manner the disposition of 
the structure electrons in bismuth may account for the 
cleavage faces of the mosaic structure and also for the high 
diamagnetism. 

Further work is being done in connection with these 
problems. 
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Abstract. 

Intensities of X-ray diffraction from the diphenyl crystal do not corres- 
pond to the arrangement of molecules along any cell-face. It has been found 
however, by the “ trial and error ” method that the plane of the molecule is 
nearer to the h-c plane than the a-c plane. The correct position is obtained, 
by giving two successive rotations first about the c*axis and next about the 
6-axis to the extent of 32° and 20° respectively. In conformity with the 
space group the rotations of the two molecules are the same about the 

b-axis but equal and opposite about the c-axis. The two benzene rings in 

each molecule are flat regular hexagons lying in one plane. The distance 

between the consecutive carbon atoms in each ring from centre to centre 
0 

is 1'42 A whereas the length of the C-C bond connecting the two benzene 

e 

rings is 1*48 A. The results are quite in accord with the optical and mag- 
netic measurements. 


1. Introduction. 

The study of diphenyl among the aromatic compounds is 
of interest as it provides an indirect evidence on the nature 
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and symmetry of the benzene ring. Direct attack on crystal- 
line benzene itself having been beset with experimental diflBl- 
culties, diphenyl was the simplest of the hitherto-unattacked 
aromatic compounds to choose and a complete analysis of its 
structure was therefore desirable. 

The nature and dimensions of the unit cell of the diphenyl 
crystal were long ago determined by Bragg.^ Mark and 
Hengstenberg^ have also determined the shape and size of the 

o o e> 

unit cell with dimensions a=8 22 A ; b*=6'69 A ; c=9*6 A ; 

o 

;8=94'8 ; Clark and Pickett® arrived at nearly the same values 
independently in course of their X-ray investigation on diphe- 
nyl derivatives. They have assigned the diphenyl crystal to 
the monoclinic prismatic class with the space-group C®_. But 

there is one remark which we may make in this connection. 
In Groth’s crystallography * the c-axis is given to be more 
than three times the value as obtained by Mark and Hengsten- 
berg. As the latter have determined the c-axis from higher 
orders of reflexion from c-face assuming and therefore 
indirectly, it was worth while to determine the c-axis from the 
rotation-photograph about c-axis. From consecutive layer- 
lines in the rotation-photographs about c-axis, the length of the 

e 

C-axis is found to be 9’47 A which agrees quite well with 
Mark’s value. Mr. Biswas ® of the Geological Department, 
Calcutta University, has made goniomotric measurements with 
the diphenyl crystal. He has pointed out in a note that the 

face r is really 201 instead of 101 as given by Mieleitner and 

— • C 

recorded in Groth’s. If r is taken to be 201, ^ comes out to 

bo 1'67 quite in agreement with the ratio given by X-ray 
work. 


* Bragg’s X-raya and Crystal Structure, p, 251, Chap 14 (1925). 
2 Zait. Krist., 70. 288 (1929), 

2 Proc. Nat. Acad, Vol. 16, No. 1 (1930). 

* Chem. Krist., Bd, V, p. 7. 

* Jour. Bcii Dept. Cal. Univ., Vol. 10. 
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The diphenyl crystal is monoclinic and contains 2 mole- 
cules per unit cell and hence 24 carbon atoms. As the crystal 
has four elements of symmetry, it is merely necessary to deter- 
mine the positions of 6 carbon atoms. Neglecting the effects 
of hydrogen atoms (which is justiffable because compared to 
carbon atoms, they scatter six times less) the number of inde- 
pendent parameters to be determined is 18. In most of such 
cases, the two-dimensional Fourier analysis of W. L. Bragg ® 
and the method of Ott ^ are both unsuitable, for while the 
former requires absolute intensities of a large number of 
reflexions and the choice of proper signs of the terms in the 
Fourier series, the latter involves a large number of unknown 
parameters. The method here is consequently the method of 
trial and error, the co-ordinate process having been employed. 

The method employed in the X-ray analysis of the crystal- 
structure is an indirect one. At first, we guess some arbitrary 
configuration of a molecule or molecules in the unit cell and 
if that conform to the observed data, we conclude that the 
configuration conjectured is correct. In the case of diphenyl 
which consists of two benzene nuclei joined end on by C-C 
bond in the para-direction, we have to make also some assump- 
tions consistent with evidences from other sources. 

Now Raman and Bhagavantam ® have concluded from a 
consideration of the magnetic properties of organic crystals 
that the configuration of the carbon atoms in the aromatic 
rings is very similar with those of graphite. This was later 
on corroborated by Mrs. Lonsdale’s® complete analysis of 
hexamethyl benzene and Dr. Banerji’s^® analysis of the structure 
of naphthalene and anthracene. It seems plausible therefore 
to assume that the benzene ring in aiomatic compounds is flat 

6 W. L. Bragg, Proc. Roj. Boc.. Vol. 123, p. 637 (1929). 

7 Ott. Zeit. Krist. 66, 136 (1928). 

8 Ind. Jour. Phys., Vol. 4, Part I, p. 67 (1929), 

» Lonsdale, Proc. Eoy. 8oo., 123, 4!)4 (1929). 

10 Ind. Jour. Phys., Vol. 4, Part 7, p. 667 (1980 
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and is not puckered ; but, if at all, to the extent of not more 
than 01 A from the mean plane. 

While the investigation was in progress, Smy tho’s report “ 
on dipole moments appeared. From the absence of dipole 
moments in the para-dinitro, para-dichloro derivatives of 
diphenyl and on the assumption of the plane structure of the 
benzene ring he concluded that the benzene rings in diphenyl 
lie in one plane and hence along the prolongation of the C-C 
bond. Narasimham made some refractive index measure- 
ments with this crystal. Therein he finds that the direction 
of the minimum optical polarisability is near to the a-axis of 
the crystal. Ramanathan’s ** theory tells us that if the inci- 
dent electric vector is along the normal to the plane of the 
molecule the refractive index is a minimum. This indicates 
that the plane of the molecule is nearer the 6-c plane. 

These observations were useful as auxiliaries and with 
due attention to them, we were carrying on the structure- 
analysis. Meanwhile, Mr. Krishnan, Reader in Physics, Dacca 
University, determined the diamagnetic susceptibilities of the 
diphenyl crystal and fixed the orientations of the benzene rings 
in the diphenyl molecule. That minimised the labour to a 
great extent. In this paper an attempt is made to show that 
the X-ray data independently taken, fitted in quite well with 
the orientations of the molecules in diphenyl as found out by 
magnetic measurements. 

2. Experimental. 

When diphenyl is dissolved in distilled alcohol and then 
allowed to evaporate under the atmospheric pressure, it gives 
six-sided plates with faces 001, 110, 20i and sometimes 100. 


Indst. and Engi. Chem., Vol, 23, No. 11, p. 1224 (1931)" 
« Ind. Jour, Phys., Vol. VI, Part 3, p. 233 (1931), 

IS Proc. Roy. Soo., Vol, 110, p. 128 (1926). 
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These crystals were first examined under the polarising micro- 
scope and either of the positions of diminution of light marked 
on the crystal. Afterwards the position of the 6-axis was 
fixed both by measurements and calculations. Once the b-axis 
is fixed, the a-axis will lie on the tabular face of the crystal 
and be simply perpendicular to it. The c-axis will evidently 
be almost perpendicular to the tabular surface. Then with 
any chosen axis of the crystal as the axis of rotation, oscilla- 
tion photographs were taken. Por this investigation, a 
Scherrer X-ray tube run by a transformer was used. The 
anticathode was made of copper and hence copper K-radi- 
ation was employed. No filter was necessary to cut off 
Cu as it is much feebler than Cu, and reflexions due to 

the latter were therefore easily distinguishable. Three sepa- 
rate photographs with the three axes made coincident with 
the axis of rotation in turn were taken. As plane parallel 
plate perpendicular to the beam was used for photographing 
the reflexions, the layer-lines are hyperbolas. Reflexions close 
to the primary spot were measured and the axes were deter- 
mined with the help of the relation : — 

v'r‘2 + Dr2 

y 

where I — > length of the axis 

n — > order of the layer-line 
X — > wave-length of the X-rays used 
y — > distance of the spot from the equatorial line 
r — > distance of the spot from the centre 
D — > distance of the crystal from the plate. 

I) was determined by taking reflexions from rock-salt. Thus 
we get 

a=8*^8A"; 6*=5'82A°; c»=9*47A°. 

)8 is calculated from higher orders of reflection from 
c-face and is found to be 96° 18'. 
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The volume of the unit cell = a?)c sin 


Thus if N denote the number of molecules in the unit cell, 
M „ the molecular weight of the substance 
mu „ the mass of a hydrogen atom 

p „ the density of the substance 


we have 



s ip /8 X p 
M.m 

B 


Taking p^l'16 ; we have N=2’084( 

i.e., the number of molecules per unit cell is 2. 

The spots on the oscillation photographs were identified 
by measuring the spacings of the plane to which they are 
tentatively ascribed and comparing them with the calculated 
spacings. Confirmation is also obtained by calculation if such 
reflexions can occur at all under the experimental conditions. 
The integrated intensities of the equatorial layer-lines in the 
photographs were compared by means of a raicrophotometer as 
they were sharp lines. These are embodied in Table I. Since 
the intensity of reflexions from other faces depend on some 
unknown factors, they were recorded by eye-estimation. 
Hence they are qualitative. 

It should be remarked here that considerable difficulty was 
experienced in reading the integrated intensity from the 
microphotometer curves. A blackness scale for the X-ray 
tube used was taken by plotting log t against log where t is 
the time of exposure, do the intensity of the beam of light as 
it passes through the non-black portion of the plate and d the 
intensity of the same beam as it goes through the blackened 
portion. As in RSntgen rays intensity i is proportional to t, 
i can be easily obtained. The intensity i of any peak multi- 
plied by the width of the same gives a measure of its relative 
integrated intensity. 
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Results : — 


Table I. 


Millerian indices. 

Integrated intensity. 

Molecular stracture- 
f act or observed. 

Molecular structure- 
factor calculated. 

001 

72 

1 

•61 

002 

100 

1 1 

1 

003 

6 

i *27 

•24 

004 

20 

! -62 

•62 

005 

14 

' ‘66 

•62 

012 

4 

•23 

•21 

016 

5 

•33 

•24 

023 

6 

•36 

•34 

203 

10 

•43 

•44 

401 

6 

*34 

•89 


Table II. 


Millerian 

indices. 

1 

Heinarks on intensity. 

Molecular structure- 
factor observed. 

Molecular structure- 
factor calculated. 

013 

Very weak 

•10 

•05 

014 

Very weak 

•14 

•09 

022 

Medium 

•69 

•58 

111 

Strong 

1-17 

1-09 

111 

Medium 

•46 

•36 

024 

Very weak 

•16 

•20 

204 

Medium 

•73 

•69 

202 

Weak 

•30 

•23 

201 

Very strong 

1-79 

1-86 

201 

Medium 

•64 

•59 

112 

Weak 

•36 

*33 

112 

Weak 

•26 

•18 

113 

Weak 

•29 

•30 

205 

Weak 

•30 

•36 

400 

Very weak 

•14 

•10 

402 

Very weak 

•18 

•13 

403 

Very weak 

•26 

‘24 
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In Table II, since intensities were recorded by eye-estimation 
and comparison, remarks on the intensity of the reflexions 
were given in the second column. In every case the integrated 
intensity of the 002 reflexion is taken as 100 and that of the 
other reflexions are expressed in terms of it. In the third 
column, the structure-factor of 002 reflexion is taken as unity 
and for other reflexions it is given by the relation 

F /Sin 2^ (1 + ^22^7 .. 

Fg ' Sin 26.2 (1 + C08**2^) 

where F — > the molecular structure-factor for the plane 
in question. 

6 — > the glancing angle for that plane, 

P — ► the inte ;rated intensity, 

and <» is the angular velocity of the crystal at the instant of 
reflexion. 

w is calculated by treating the oscillation as harmonic and 
using the relation 

where 0 is the angle of reflexion and tlie amplitude of oscil- 
lation, The terms with suflEix 2 refer to reflexion 002. 

3. The Nature of the Benzene Rings in Diphenyl. 

From what has transpired in the structure-analysis of 
hexamethyl benzene, naphthalene and anthracene, it may be 
concluded that the benzene rings even in diphenyl are plane 
and for each of them the carbon atoms are arranged in a hexa- 
gonal ring with their diameters equal to 1'42 A® in confor- 
mity with the diameter of graphite. Since the diphenyl crys- 
tal belongs to the space-group Czh and contains 2 molecules 
per unit cell, each molecule must have a centre of symmetry. 
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Two benzene nuclei joined by a C-0 bond in the para-direction 
can have a centre of symmetry if they are in the same plane. 
So we will take the benzene nuclei in the diphenyl molecule 
to be plane and to lie along the prolongation of the C-C bond. 

Starting with these assumptions as working hypotheses, 
we shall investigate into the orientations of the benzene rings 
round the crystal axes and then examine how far the devia- 
tions from them influence the reflexions from various planes. 

4. Theory and Method. 

The procedure was to compute the molecular structure- 
factors from the observed integrated intensities of the reflect- 
ed spots and then to compare them with the calculated values. 
In order to calculate the structure-factors by treating the 
atoms as di.screet points, we have made use of Robertson’s 
simplified interference formulae in case of crystals belonging 
to the space-group C|i, and containing 2 molecules per unit 
cell. The expressions are 

S=4§ Cos 2n- + Cos 2^ — ^ when fo + fc is even ... (1) 

p-i \ a c / b ' ' 

and 

S=4 Sin 2k Sin 2;r^ when h + kis odd ... (2) 

the summation extending over one crystal unit which is half 
the chemical molecule. Here Xp yp Zp are the co-ordinates of 
the pth atom in the unit cell and the other terms have the 
usual significance. 

The molecular structure-factor is then calculated from the 
geometrical structure-factor from the relation EmssFa .S...(3) 
Here Fm is the molecular structure-factor, S the geometrical 
structure-factor and F® the atomic structure-factor which is 


U Proo. Boy. Soo„ yol. 126. p. 646 (1929). 
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obtained from the curve for graphite given in Lonsdale’s 
paper.** 

If we leave out of consideration any orientation whatso- 
ever of the benzene nuclei in diphenyl, there are evidently 
two ways of placing the molecule ix., the molecule is either 
in the h-c plane or in the a-c plane. Let us now try if either 
of the ways of placing the molecule represent the real state of 
affairs. In Table III below, the structure-factors for different 
planes are calculated by equations (1), (2) and (3) according to 
these two ways of placing the molecule. 

Table III. 


Millerian indices. 

Molecular structure -factor. 

Remarks on intensity. 

Mol. in 100. 

Mol. in 010. 

001 

17’7 

17*7 

Strong 

002 

30*8 

30*4 

y. strong 


19*8 

72 

W eak 


3*7 

8*8 

V. weak 

022 

26*2 

16*6 

Medium 


24 

6*9 

V. weak 

015 

0 

0 

Weak 

016 

0 

0 

Y. weak 

200 

98-4 

12*3 

Medium 


62*8 

10*8 

V. weak 

202 

20*8 

19*2 

Weak 

201 

121 

•78 

y. strong 

202 

21*4 

12*6 

y. weak 

402 

14*1 

21*4 

Weak 

211 

0 

1 0 

Strong 

Hi 

5 

9*2 

Strong 

111 

4*9 

8*2 

Medium 

112 

1-4 

14 

Weak 

112 

1*4 

6*7 

Weak 

2T0 

0 

0 

y. weak 

410 

0 

0 

Weak 

012 

0 

0 

Weak 

013 

0 

0 

y. weak 

310 

30*8 

19*4 

Medium 

201 

10*5 

*84 

Medium 

014 

0 

0 

y. weak 
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The second and third columns of the table contain the 
calculated structure-factors considering the molecules to be 
placed along the 6-c plane and the a-c plane respectively. In 
the fourth column only the remarks on intensity are given. 
Even though no conclusive inference can be drawn from the 
results tabulated therein, the discrepancies for some of the 
planes, specially those foi which the structure-factor altogether 
vanishes, i.c., the planes 211, 210, 012, 018, 014, 016, 016, 410 
etc., are significant. This definitely shows that the molecules 
can be neither in the h-c plane nor in the a-c plane. Trial 
was then made to see if any amount of puckering without any 
orientations of the molecules can bring about any improve- 
ment, but without success. The only possible inference left is 
that the molecules are inclined to the axial planes and we are 
now to determine these inclinations. 

To consider this point, let us suppose Mj and Mj to be the 
two molecules in the unit cell of the substance under investi- 
gation. Since it belongs to the space-group Cfh, one of the 
molecules Mj (say) has its centre of symmetry at the corner of 
the cell and the other at the position la, I h, o (taking any 
corner as the origin of reference). To start with let us place the 
molecule Mi with its centre of symmetry at the origin of co- 
ordinates, its plane coincident with the h-c plane of the unit 
cell and then bring it to the correct position by the following 
successive rotations 

(1) through 6 about the c-axis 

(2) through <f) about the h-axis 

(3) through xf/ about an axis normal to the a-b plane 
which we call as c * axis. 

Since M 2 is derived from Mj by a glide plane reflexion, it 
should have rotations of - ^ and — ^ respectively. 

To simplify matters, we would at first confine our 
attention to the rectangular system of axes. Let a, b, c 
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Fig. 1. 

in the figure denote the axes in the monoclinic unit cell so 
that h is perpendicular to the plane of the paper in which 
a and c both lie. Draw a in the plane of the paper at right 
angles to c so that the angle between a and a is X. Our 
method consists in finding out the final co-ordinates in terms 
of the rectangular axes a h c after operations (1) and (2) 
(omitting (3) for the present) and then changing them in 
terms of oblique axes. 

Let X y zhe the initial co-ordinates of any atom in 
Then after rotating the molecule through 6 about the c-axis 
in the direction a to 6 (which is taken as positive), they 
change into Xi, yi, Zi, 
so that 

Xi = x cos 0—y sin 0 
yi=x sin 6+y cos 0 
z^ = z 

If a second rotation of round the 6-axis in the direction 
c to a (taken as positive) be given, Xi y^ Zi change into x^y^z^ 
where 

a:,=x, coB^k + a, sin ^ 
y%=yx 

= sin 0 + COB 0 
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whence 

Xj=x cos 6 cos <t>—y sin 6 cos 0 + * sin <f> 

2 /, =x sin 6 + y cos 6 

= —X cos 6 sin tt> + y sin 6 8in<;^ + « cos </> 

Now if we like to express in terms of a 6 c, y 2 will 

evidently remain unaltered so that if we denote the final 
co-ordinates along a b c by X, 7, Z, then 

X — Xa sec A; Y=2/» 
and Z=Za +Xg tan A 

In the same way, by rotating the molecule for the third time 
through xfi about an axis c* an expression for calculating the 
final co-ordinates from the initial ones is obtained. But it 
is very complicated and so not included here. 

In the beginning, we fixed our attention on the higher 
orders of reflexion from the c face. By putting $ equal to 
zero and arbitrary values to ^ (both positive and negative)^ 
we calculated the structure-factors from the final co-ordinates 
in that configuration and tried to secure an approximate 
fitting with the observed structure-factors. Then 0 was 
changed so that all the reflexions in Table I gave structure- 
factors in accord with the observed ones. Best agreement 
was obtained for 0=32 and <f>*=2b. 

So far ^ is omitted. The higher orders of reflexions 
from the c-face are, however, independent of ij/. So in order 
to determine the parameter »|f, we will have to try other 
reflexions, specially those due to the planes of the general 
type h k I and see how far the calculated structure-factors 
agree with the observed values. It is, however, found that the 
best agreement is obtained when i/r is put equal to zero. In 
the last column of Table II, the structure-factors were cal- 
culated by taking these values of 0, and tjt. 

We have practically put our reliance on the measure- 
ments of the reflexions from 001 plane. It is, therefore, 
necessary to see how the variations in 0 and ^ affect the 
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calculated values of the structure-factors. Besides, there are 
two other important points which require further investiga- 
tion ; one refers to the nature of the C-C bond joining the 
two benzene nuclei in diphenyl while the other enquires if 
there is any puckering, however slight, in the benzene nucleus 
itself. It is well-known to the chemist that this 0-C bond is 
aliphatic and not aromatic and as such the length of the 

binding should be l’64i A. Thus with the orientations 
already fixed up, the structure-factors of the reflexions from 
various planes are calculated by varying this distance from 
1*4(2 A to 1*64 A. The results are best shown graphically 
in the following. The first two curves give the experimental 
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Fig. 2. 

and theoretical values respectively of the structure-factors 
and the latter conform to the former as best as possible. 
In the second curve which represents the theoretical one, the 

length of the C-C bond is taken to be 1*48 A. The third and 
fourth curves give the structure factors calculated with the 

same orientations but with the length of the 0-G bond as 1*54 A 

o 

and 1*42 A respectively. At certain positions of these curves, 
8 
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the deviations from the observed curve are quite apparent. 
The four other curves that follow are drawn by changing 
6 OT (f) with the values noted against them and taking the 

length of the 0-C bond as 1*42 A. 

The last four curves, appended here, illustrate how the 
structure-factors vary if the structure is treated as puckered. 
The self-same orientations found out are also applied here to 
the molecule as a whole. In the first two curves of this 

o 

group of four, the atoms are puckered to the extent of O'l A 
from the mean plane which is taken as the b-c plane of the unit 
cell and in the last two they arc puckered to the same amount 
as in diamond. There it can be easily seen that the coinci- 
dence between the observed structure factors and the calcu- 
lated ones is altogether spoilt if the diamond type of the 
benzene ring is assumed. There are some points of disagree- 
ment with the observed curve even in the first two curves of 
this group which are revealed only on scrutiny. The best 
possible agreement evidently exists between the first and 
second curves. 



•<< 


Fig. 3. 

In order to calculate the final co-ordinates of the atoms 
in the puckered structure, what is done is to place the 
molecule first with its centre of symmetry at the origin of 
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co-ordinates and its plane coincident with the b-c plane of 
the unit cell and then displace the atoms perpendicular to 
that plane one way or the other alternately to the extent 
desired. The initial co-ordinates of every atom in the 
molecule are thereby obtained. The molecule as a whole is 
then given rotations about c and h axes to the extent of 32° 
and 20° respectively and the final co-ordinates are calculated 
from the expressions already given. The structure-factors 
are then calculated as usual. 

In Fig. 3, a b c denote the axes of the unit cell. The 
plane of the paper contains the b-c plane and hence also the 
mean plane of the molecule in its initial state, a lying in a 
plane perpendicular to it but inclined to c by /?. o' is drawn 
in the plane containing a, c and at right angles to c so that 
the atoms are displaced initially along o'. The angle between 
a and a is \ 


whore A = /3--^ 

A 

5. Conclusion. 

Very high order of accuracy cannot be expected here as 
excepting for a few reflexions, intensities were measured 
approximately for most of them so that with due regard to 
the uncertainties involved an error of the order of 10 per cent, 
is not unlikely in the determination of orientations. But 
there cannot be any denying the fact that the molecule in 
diphenyl is inclined to the cell-faces and no crystallographic 
axis is in the plane of the molecule. The orientations found 
out evidently indicate that the plane of the molecule is nearer 
the b-c plane than the a-c plane just as in naphthalene and 
anthracene and agree quite well with those given by magnetic 
measurements. The diamond type of benzene rings is shown 
to be wholly inadmissible. The amount of puckering,^ if there 
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be any at all, is very slight and cannot in the present case be 

more than 01 A from the mean plane 100. The distanec 
between the carbon atoms linking the two benzene nuclei in 

diphenyl is found to be 118 A which is the mean of 1*42 A 

and r54 A. This seems to suggest that the C-C bond here 
is neither strictly aromatic nor strictly aliphatic but is 
certainly influenced by the presence of the two benzene rings. 

My best thanks are due to Prof. Sir C. V. Raman, Kt., 
P.R.S., N.L., for his kindly suggesting the problem and 
taking keen interest in the work. I also acknowledge my 
indebtedness to Mr. Krishnan, Reader in Physics, Dacca 
University, for his many valuable suggestions. 
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On the Raman Spectra of Piperidine, Ethyl 
Alcohol and Acetone 

By 

S. C. SiRKAR 
(Plate V)' 

{Received for publication, 7th Marchf 1932) 

Abstract. 

The Raman spectra of piperidine, ethyl alcohol and acetone have been 
studied carefully with a view to record the faint lines and to compare these 
Raman spectra with the infra<red absorption carves for these substances. 
Solutions of o-cresolphthalein and uranine have been used as light iilters in 
order to clean up the background in some regions of the spectrum and to 
assign the frequencies correctly. The wave-number shifts of the Raman 
lines observed are given below;— 

Piperidine-140, 243, 400, 443, 755, 817, 857, 949, 1006, 1085, 
1046, 1146, 1265, 1287, 1342, 1442, 2655, 2730, 2803, 2852, 2892, 2931, 
3307 and 8339. 

Ethyl Alcohol-437, 882, 1046, 1271, 1449, 1473, 2709, 2743, 2877, 
2927 and 2972. 

Acetone-392, 487, 527, 789, 903, 1066, 1221, 1368, 1423, 1705, 2689, 
2857,2923, 2964 and 3006. 

Piperidine has given 14 new lines not recorded by previous workers, 
almost all of which are represented by maxima in the infra-red absorption 
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curve. Ethyl alcohol shows two new lines 2709 and 2743 and in the ease 
of acetone, it is found tliat the line 2689 was assigned wrongly by previous- 
workers as 925 excited by 4358A. 


1. Introduction. 

Eecently, Dr. Krishnamurti * has studied the Eaman 
spectra of a few organic substances very thoroughly with his 
improved technique. As he has now taken up a different pro- 
blem, the plates for piperidine, ethyl alcohol and acetone ob- 
tained by him were handed over to the present author for 
examination. The results are discussed in the present paper. 


2. Results. 

All the spectrograms were obtained with a Fuess glass 
spectrograph having a dispersion of about 16 A per mm. in the 
region of 4358A. Iron arc spectrum was used for compari- 
son. For each of the liquids, two spectrograms were obtained, 
one with a filter of uranine solution between the lamp and the 
liquid to weaken the region of the spectrum in the neighbour- 
hood of 4358A, including the line itself, and another of 
o-cresolphthalein solution to weaken the 4046A region, as 
explained previously by Krishnamurti.® The o-cresolphthalein 
filter also cleaned up the background in the neighbourhood of 
4916A and helped in recording the faint Eaman lines in this 
region. The wave-number shifts of Eaman lines for the liquids 
studied are give in Tables I, II and III. The complete tables 
showing assignment of the lines are given at the end of the 
paper. 


’ e Krislinamurti, Ind. Jour, of Pbys., C, 307 (1331). 
2 Loc. c\\. 
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Table I. 

Piperidine Frequencies. 


No. 

Ay 

! 

Tntensitv. i 

1 

Values in ^u. 

Corr. infra-red 
max. in Mi 

1 

140 

0 

71-4.9 


2 

243 

0 

40-9 


3 

400 

1 

26-0 


4 

443 

o 

22*6 


5 

765 

Oil) 

13'3 

13*7 


... 


... 

12-47 


817 

5 

]‘2-26 

12-20 

7 

867 

! ^ 

11*67 

11*63 




... 

11-06 

8 

949 

0 

10*63 

10*65 

<) 

1000 

1 

9-94 

10- IS 

10 

1U35 

1 2 

1 

9*66 ^ 

9*68 

11 

1040 

o 

9*64 5 

... 



... 

... 

9*10 

12 

1146 

2 

8*71 

8*62 

13 

1265 

o 

7*91 

8*00 

14 

1287 

o 

7*69 

7*61 

16 

1342 

0 

7*46 

... 

16 

1442 

3(6) 

6.93 

6-90 


... 

... 

... 

6-36 


... 

... 

... 

6*96 


... 

... 

... 

5-30 

17 

2655 

1(6) 

3*77 

... 

18 

2730 

2 

3*66 

... 

19 

2803 

2 

3*67 

... 

20 

2852 

4 

3*61 

3*60 

21 

2892 

2 

3*46 

... 

22 

2931 

8(6) 

3-41 


23 

3307 

0(6) 

3-02 ^ 

30 

24 , 

3339 j 

1(6) 

2*996 i 
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Table II. 

Ethyl Alcohol Frequencies. 


No. 

Av 

1 

j Intensity. 

Values in /u. 

Oorr. infra-red max. in 

1 

487 

i 

22-9 


2 

882 

6 

11-33 

11*4 

3 

1046 

2 

9-66 •» 

9*7 to 9*2 broad 

4 

1096 

2 

912 ^ 


6 

1271 

2 

7-87 ^ 

7*8 to 7‘0 broad 

6 

1449 

3 

6-90 ) 


7 

1473 

i 

6-79 



• «« 

1 


1 

6-20 

8 

2709 

2 

3-69 • 

1 

1 


9 

2748 

1 

3-64 



10 

3877 

6 

8-48 


8*8 to 3*8 broad 

11 

2927 

10 

8'42 

I 


12 

2972 

7 

8-87 , 

1 
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Table IH. 

Acetone Frequencies. 


No. 

Ar 

Intensity. 

Values in /x. 

Corr. infra-red max. in fi. 

1 

392 

li 

26‘6 


2 

487 

i 

20‘6 


3 

527 

2 ' 

18*98 




... 

... 

131 

4 

789 

6 

12*08 

1205 




... 

11*30 

5 

;i03 

(• 

11*05 

10*90 



... 

... 

10' 10 




... 

9'70 

G 

1005 

1 

9'39 

9*10 

7 

1221 

1 

819 

8‘3 

1 


i 


7G 

8 

1368 

U 

7*30 1 

7*30 

^ 1 

1423 

1 36 

7*09 

0*9 


... 

... 


6*6 

10 

1705 

6 

6*87 

6*76 


... 



4*72 

11 

2689 

0 

3*73 


12 

2867 

06 

3-50 


13 

2023 

10 

3*42 

3 42 

14, 

2964 

4 

3*37 


15 

8000 

t 

3*33 



3. Discussimi of Results. 

Piperidine was studied previously by Bonino and Briill ® 
who recorded only eleven lines. Table I shows that there 


^ G. B. Bonino and L. Brull. Qaz*. Chim. Ital. 69 , 67B (1929). 

9 
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are twenty-four lines almost all of which are represented by 
maxima in the infra-red absorption curve. Considering the 
structure of the piperidine molecule, it is easy to see that 
there is hardly any mode of oscillation which is inactive, and 
Table I shows that this is actually the case, the only Raman 
line having no correspondiug maximum in the absorption 
curve being a weak line at 134i2, As the piperidine molecule 
is obtained by replacing a CH 2 group in the cyclohexane 
molecule by an NH group, the shape and mass of the piperi- 
dine molecule is almost the same as that of cyclohexane 
molecule. The difference between these two molecules is 
that there are two C-N bonds and one N-H bond in the 
piperidine molecule. It will be of interest to see whether 
the Raman spectra of cyclohexane and piperidine have any 
similarity with each other. The wave-number shifts of the 
Raman lines of cyclohexane recorded recently by Krishna- 
raurti^ are 381(a); 426 (1), 695 (0), 804 (10)1 1028 (8), 
1156 (1), 1266 (6), 1344 (A), 1444 (5), 2351 (0), 2462 (0), 
2630 (0), 2662 (1), 2696 (A), 2852 (8), 2889 (1), 2922 (8) and 
2938 (8). On comparing these lines with those for piperidine 
given in Table I, it will be seen that there are many lines 
common to both. The lines 3307 and 3339 for piperidine are 
not present in the Raman spectrum of cyclohexane and are, 
therefore, due to N-H oscillation. It is interesting to note 
that these two frequencies are nearly the same as the two 
frequencies 3300 and 3380 of ammonia in the liquid state. 
The appearance of these two lines in the Raman spectrum of 
piperidine shows clearly the possibility of independent oscilla- 
tion of two atoms of a small group in a large molecule with 
respect to each other, the frequency of such oscillation being 
determined solely by the nature of the two atoms and of the 
binding between them. It is, however, not easy to understand 
how one N-H group gives two Raman lines close to each other. 

* P. Krialmamurti, Ind. Jour. Phye., 6, 643 (1932). 
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Fig. 1. 

The infra-red absorption curve of piperidine given by 
Ooblentz® is reproduced in Fig. 1 together with the Raman 
spectrum. The heights of the lines in the Raman spectrum 
indicate roughly the relative intensities of the lines. A 
glance at Fig. 1 shows that, except for the line 3’4 /n, there 
is hardly any resemblance between the relative intensities 
of the absorption peaks and those of the Raman lines. This is 
not difficult to understand from theoretical point of view, 
because an oscillation may produce a large induced electric 
moment without changing the polarisability of the molecule 


^ Coblentiii InTestigations of Infra-red Spectra, Carnegie Institution of Washington, 
1906, p. 276. 
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sufllciently to give an appreciable intensity of the correspond- 
ing Raman line but such an oscillation will give an intense 
peak in the absorption curve. It is only by comparing the 
complete Raman spectrum with the corresponding infra-red 
absorption curve that definite information about the nature 
of oscillation of the molecule giving any particular Raman 
line can be obtained. 

Ethyl Alcohol. 

Ethyl alcohol was studied formerly by Ganesan and 
Venkateswaran,* Venkateswaran and Bhagavantam/ Dadieu 
and Kohlrausch,® Daure ® and others. The wave-number shifts 
of the Raman lines due to ethyl alcohol observed by the author 
are recorded in Table II. Except the two lines 2709 and 2743 
which are not recorded by any of the previous workers, all the 
other lines recorded in Table II only confirm the results of 
previous workers. There is no doubt as to the existence of 
the lines 2709 and 2743, because they are found to bo excited 
both by the 4368 A and 4046 A. The author, however, fails 
to detect on the plates examined by him any line of wave- 
number shift 1360 which has been reported by Venkateswaran 
and Bhagavantam.“ It appears to be a case of wrong assign- 
ment by the said authors because they have recorded this line 
only for the exciting line 4368 A which is found by the 
author to be actually a line 2931 excited by the 4077 A. This 
line was very much weaker on the plate with o-cresolphthalein 
filter than on the plate obtained with uranine filter. Had a line 
1360 excited by 4368A actually existed, it would have coin- 
cided with the lino 2931 due to 4377 A but on closely exa- 
mining the plate obtained with uranine filter, no trace of such 

« A. S. Qanesan and 8. Venkateswaran, Ind. Jour. Phys., 4. 195 (1920), 

7 8. Venkateswaran and 8. Bhagavantam, Ind. Jour. Phys., fl, 129 (1930). 

8 A. Dadien and K. W. F. Kohlrausch. Wien Bericht, 189, 79 (1930). 

• P. Danre, Compt. Rend. 186, 1833 (1928). 

Loc. fit. 




<a) Piperidine ( Uranine filter > <c) Ethyl alcohol < Uranine filter > 

(h) Ethyl alcohol ( 0— cresolphthalein filter > <d) Acetone < Uranine filter ) 

Raman Spectra. 
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a line excited by 4046 A was found though the plate was 
heavily exposed as is evident from the reproduction in Plate 
V. It appears therefore, that the line 1360 does not exist 
in the case of ethyl alcohol. The band 3416 is broad and 
faint, and appears to be exactly like the water band. It is 
a little difficult to say whether this band is due to the water 
present as impurity. A small percentage of impurity may 
give the strong lines due to the impurity.” The alcohol used 
in the present experiment was not purified carefully to get 
rid of water and it is, therefore, very probable that the band 
is due to water. 



The author actually found all the strong carbon Ictrachlorido linos on a chloroform 
plate, the liquid used being accidentally slightly contaminated with carbon tetrachloride. 
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The infra-red absorption curve for ethyl alcohol given by 
Coblentz’* is reproduced in Fig. 2 along with the Raman 
spectrum. The absorption peaks are not well resolved but 
still it can be seen that almost all the osDillations giving rise 
to the Raman lines are active and have corresponding maxima 
in the absorption curve. 

Arc tone. 


Acetone was studied formerly by Dadieu and Kohlrausch,’® 
Ganesan and Venkateswaran,” Dickinson and Dillon” and 
others. Of these, Ganesan and Venkateswaran and Dickinson 
and Dillon, have recorded a large number of lines not recorded 
by others. The wave-number shifts of the lines obtained by 
these authors as well as of those obtained by the present 
author are given in Table IV. 


Table IV. 


Acetone. 


Ganesan and 
Vcnkal^eswaran. 


Dillon and Dickinson, 


Sirkar. 


360 (0) 

362 (2) 

392 Hi) 

644 (1) 

492 (1) 

487 (J) 

796 (5) 

630 (2) 

627 (2) 

940 (0) 

788 (6) 

78<) (6) 

1093 (0) 

906 (0) 

903 (0) 

1231 (2) 

928 (0) 

1066 (1) 

1365 (0) 

1067 (2) 

1221 (1) 

1433 (2) 

1223 (3) 

1358 (0) 

1718 (2) 

1389 (0) 

1423 (3b) 

2867 (1) 

1431 (3br) 

1706 (5) 

2928 (8) 

1711 (4) 

2689 (0) 

3037 (1) 

1748 (1) 

2857 (Ob) 

3121 (1) 

2924 (6) 

2923 (10) 

3342 (0) 

2967 (4) 

2964 (4) 

3663 (1) 

8735 (1) 

8006 (4) 

3006 (4) 


U Coblentz, Investigations of Infra-red Spectra, Carnegie Institution, Washington, 
1905, p. 192. 

n A. Dadieu and K.W.P. Kolilrausch, Wien. Bericht., 138, 41 (1929). 

A. S. Ganesan and 8. Venkateswaran, Ind. Jour- Pbye., 4, 193 (1929), 

15 E. T. Dillon and E. G. Dickinson, Proc. Nat. Acad. Sci., 16, 699 (1929). 
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On comparing the results obtained by different authors as 
given in Table IV it is found that most of the lines are ob- 
tained by all the authors. The lines having wave-number 
shifts above 3037 recorded by Ganesan and Yenkateswaran do 
not exist. The line 928 recorded by Dillon and Dickinson is 
found to be a line excited by 4046 A, having wave-number 
shift 2689. The light filters used in the present experiment 
helped very much in this particular case in the correct assign- 
ment of the line. Actually on the p!ate obtained with uranine 
filter, this line was stronger relative to the lines excited by 
4358 A than on the o-cresolphthalein plate, showing that this 
line is excited by 404G A. Tho line 1748 recorded by Dillon 



Fig. 3. 
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and Dickinson was not found on the plate examined by the 
author though the plate was fairly well exposed. The line 
therefore, does not at all or if it exists, the intensity is much 
smaller than that of line 906 and, therefore, cannot be recorded 
on a plate on which the line 906 is very faint. The line 2857 
recorded by the author and also by Ganesan and Venkates- 
waran is not recorded by Dillon and Dickinson. There can 
be no doubt as to the existence of this line, because it has been 
found to be excited by both the lines 4046 A and 4358 A. The 
infra-red absorption curve for acetone given by Coblentz 
is reproduced in Fig. 3 along with the Eaman spectrum. It 
can be seen that in this case also, most of the oscillations giving 
rise to Raman lines are active and are represented by maxima 
in the absorption curve. 


Table Y. 

Piperidine ii ith O-Cienolphthulein Filter. 


Wave-leiiglL of 
Baman hue iu 1, A. 

1 

Wave number r, | 

: 

InleuBity. 

Assiga- 

ment. 

43851) 

ii'2798-C 

140 

0 

A 

4405*0 

22605 

243 

0 

A 

4435-6 

22538-6 

400 

1 

A 

44441 

22495-5 

443 

2 

A 

4506*0 

221N3*5 1 

765 

05 

A 

4508*54 

22171 1 

821 

0 

ai 

4519*27 

22121-3 

817 

5 

A 

4527*6 

22081 

857 

0 

A 

4r,36’0 

22014 

i 2661 

Ih 

B 

4549-5 

21971-3 

1 2731 

1 

B 

4558*2 

21932-3 

1 1006 

0 

A 

4564-23 

21908-5 

! 1033 > 

2805 > 

2 

A 

B 

4566-45 

2]8!W5 

104G 

2 

A 

4574*60 

21853-7 1 

2852 

2 

B 

4683*1 

21813-2 

2892 

1 

B 

4591*35 

21774 

2931 

5b 

B 


“ Coblentz, Investigations of Infra-red Spectra, Carnegie Institution of Waabington, 
905, p. 200. 
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Piperidine with O-cresolphthalein Filter (continued.) 


Wave-length of Raman 
line in 1. A. 

Wave number tf. 

A V 

Intensity. 

Assignment. 

4612*5 

21672-7 

1265 


A 

4017*45 

21661 

1287 

1 2 

A 

4623*0 

21625 

2891 

05 

h 

4629*5 

21695 

1348 

0 

A 

4682 0 

21682-9 

2938 

i6 

hi 

4660*73 

21496 

1443 

2 

A 

4672-0 

21398 

3307 

! 05 

B 

4679*0 

21366*1 

8839 

1 1 

B 

4928'5 

20284*5 

2664 

05 

A 

4946*9 

20209*0 

2738 

1 

A 

4966*0 

20136*3 

2808 

1 

A 

4977*5 

20084*8 

2868 

2 

A 

49866 

20048*6 

2800 

n 

A 

4996*51 

20008*4 

2980 

3 

A 

6099*0 

19606*2 

3333 

0 

A 


Table VI. 

Piperidine with Uranine Filter. 


Wave-length of Raman 
line in I. A. 

i 

Wave number y, 

1 

j 

A V 

Intensity, 

Asaign- 

ment. 

4113-2 

24305-3 

400 

0 

B 

4120*6 

242621 

443 

0 

B 

4174*3 

23955*1 

766 

Ob 

B 

4184-9 

23888*7 

817 

6 

B 

4191-44 

23861*4 

864 

0 

B 

4208*3 

23766*9 

949 7 

0 

B 



-f 818 > 


A 

4218-6 

23697*9 

1007 

1 

B 

422:1*6 

23670-4 

1035 

2 

B 

4226-42 

23669-6 

1046 

2 

B 

4243*62 

23668*7 

1146 

1 

B 

4266*37 

23438*1 

1267 

2 

B 

4269*1 

23417-6 

1288 

2 

B 

4270*0 

23363-4 

1342 

0 

B 

4297*2 

23264*4 

1441 

35 

B 

4636-0 

22044 

2661 

lb 

B 

4549-5 

21974*3 

2731 

2 

B 

4564-23 

21903*6 

2805 7 

Q 

B 



1033 j 

O 

A 

4674*60 

21863*7 

2852 

4 

B 

4583-1 

21813-2 

2892 


B 

4691-86 

21774 1 

2931 

8b 

B 

4G23-0 


2891 

ib 

bi 

4632-0 


2933 

lb 

bi 

4672.0 

21398 

3807 

ih 

B 

4679-0 

213C6-1 

8839 

2 

B 


10 
















74 


S. 0. SIBEAR 


Table VII. 

Ethyl Mcohol with o-cresolphthalein Filter. 


Wa¥e«leDgth of Bauan 
line io I.A. 

Wave number v. 

A¥. 

Intenaitj. 

Asaign, 

ment, 

4443-0 

22601 

437 

1 

A 

4682-7 

22066-7 

882 

6 

A 

4646-0 

21996 

2709 

1 

B 

4662-0 

21962 

2743 

1 

B 

4666-7 

21892 

1046 

8 

A 

4680-0 

21828 

1096^ 

4 

A 



2877) 


B 

4690-4 

21778 

2927 

7 

B 

4600-0 

21733 

2972 

6 

B 

4614-0 

21667 

1271 

1} 

A 

4619-8 

21640 

2876 

i 

bi 

4631-6 

21686 

2931 

i 

bi 

4640-6 

21643 

2973 

i 

bi 

4662-2 

21490 

1449 

8 

A 

4667-6 

21465 

1478 

1 

A 

4696-0 

21280 

8410 

Ob 

B 

4949-0 

20226 

2713 

0 

A 

4961-0 

20192 

2740 

0 

A 

4088-2 

200 

2876 

8 

A 

4006-4 

200 

2926 

6 

A 

6006-6 

199C8 

2970 

8 

A 
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Table VIII. 

Ethyl Alcohol with Uranine Filter. 


Wave-length of 
Raman line in I.A. 

Wave number p* 

Ap» 

Intensity. 

Assignment. 

4120‘0 

24266 

440 


B 

4106'8 

28821 

884 


B 

4225‘0 

28662 

1048 

a 

B 

4234-fi 

23608-9 

1096 

2 

B 

42C6'd 

28433 

1271 

8 

B 

4298’9 

23266 

1460 

8 

B 

4802-9 

23233-6 

1472 

0 

B 

4545‘0 

21996 

2709 

2 

B 

4662-0 

21962 

2748 

2 

B 

4680-0 

21828 

2877 

® 1 

B 

4890-4 

21778 

2927 

i 

10 

B 

4600-0 

21733 

2972 


B 

4619-8 

21640 

2876 

1 

hi 

4681-6 

21686 

2931 

1 

hi 

4640-6 

21643 

2978 

1 

hi 

4696-0 

21289 

8416 

Ih 

B 
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Table IX. 


Acetone with O-cresolphthalein Filter. 


Wave-length of 
Baman line I.A. 

Wave number y. 

A*- 

Intensity. 

ABaignment. 

4434-0 

22646*7 

892 

1 

A 

4462*8 

22461*6 

487 

0 

A 

4460-93 

22410*6 

627 

2 

A 

4518’57 

22149*2 

789 

6 

A 

4687*0 

22034'8 

903 

0 

A 

4640*8 

22016*4 

2689 

06 

B 

4670*69 

21872-9 

1066 

1 

A 

4676*6 

21849 

2868 

06 

! 

B 

4689*64 

21782*6 

2923 

0 

B 

4608*2 

21741*0 

2064 

H 

B 

4603*06 

21718 

1220 

1 

A 

4607*13 

21699*4 

8006 

2 

B 

4020*6 

21694*6 

2922 

U 

bi 

4646*6 

21616*6 

1423 

86 

A 

4708*3 

21283*6 

1706 

6 

A 

4978*84 

20081*4 

2867 

06 

A 

4908*6 

20019*3 

2919 

6 

A 

6004*6 

19976'6 

2962 

0 

A 

6014*6 

19936*6 

8002 

0 

A 
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Table X. 


Acetone with U ranine Filter, 


Wave-length of Raman 
Lino in 1. A. 

Wave number v. 

wm 

Intensity, 

Assignment. 

4136-2 

24176 

629 

1 

B 

4180-23 

23916-0 

790 

5 

B 

4213*66 

23726*7 

+ 788 

1 

A 

4228-3 

23643-6 

1062 

! 1 

1 

B 

4267-0 

23484 

1221 

1 

B 

4282-0 

23347 

1368 

0 

B 

4204-2 

23280-7 

1426 

8b 

B 

4640-8 

22016-4 

2689 

Jb 

B 

4676-C 

21849 

2868 

5 

B 

4689-61 

21782-C 

2923 


B 

4508-2 

21741-0 

2964 

3 

B 

4607-13 

21699-4 

3006 

3 

B 

4629-6 

21694-6 

2922 

i 

2 1 

b, 
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Table XL 


Symbol 

used. 

Wave-length 
iol. A. 

Wave 1 
number. 

Intensity. 

A 

4368-34 

22938*1 

10,000 


4347*60 

22996*8 

600 

82 

4339*24 

23039*1 

1 800 

bi 

4077*84 

24616*9 

600 

B 

4046*66 

24706*4 

6000 


In conclusion, the author wishes to express his indebted- 
ness to Sir C. V. Raman, F.R.S., for his kind interest in the 
present work. 


210, Bowbazar Street, 
Caloitita. 
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Polarisation of Raman Lines in Liquids 

By 

S. Bhagavantam 
(Plate VI) 

{Received for publication, 12th Marc/t, 1932) 

ABSTRACt. 

The paper describes the results of a study of the polarisation of a few 
typical Raman lines in some liquids. The method adopted is to expose the 
two components of each line for different times so that they are recorded 
on the plate with equal densities, Errors due to polarisation by oblique 
refraction at the prism surfaces, lack of transversality of the scattered beam 
and difference in the times of exposure of the two components are corrected 
for. The intense line 992 in benzene shows a depolarisation of 7^. The 
strong line in the series of tetrachlorides of carbon, silicon, titanium and 
tin arising from a symmetric expansion of these molecules exhibits a pro- 
gressively increasing depolarisation; the actual values being 4% , 11%, 
12% and 16% respectively. The depolarisation values of all the vibration 
lines studied in the present paper are found to lie within the range 0 to 
f . The rotational scattering appearing in the form of unresolved wings in 
carbon disulphide, benzene and thiophene is found to be depolarised to the 
extent of f . 


1. Introduction, 

On account of the extreme feebleness of the Baman lines 
and the consequent difficulty in applying the usual methods 
of photographic photometry, the various results hitherto 
published concerning the polarisation of these lines have been 
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only of a qualitative nature. An attempt is made in the 
present paper to discuss the various possible sources of error 
and to arrive at certain definite polarisation values for a few 
typical lines in some simple liquids with the use of an im- 
proved technique. 

2. Experimental arrangements. 

All the liquids studied are contained in either big bulbs or 
wide tubes with flat ends and are illuminated by the light of a 
quartz mercury arc focussed into the liquid by means of a 
glass condenser. The two components of the scattered beam 
are focussed successively on to the slit of a spectrograph by 
means of a suitably oriented large nicol and a lens placed in 
the path of the scattered beam and photographed side by side 
on the same plate. 

Sources of error:— Amongst the principal sources of error 
taken into consideration in the present investigation, the 
following may be noted, 

(a) Polarisation due to the instrument : — A change is pro- 
duced in the state of polarisation of the light entering the 
spectrograph owing to oblique refraction at the surface of the 
prism. This change is a constant characteristic of the instru- 
ment and may be determined by illuminating the slit with 
initially unpolarised light and observing the state of polari- 
sation of the light that emerges out of the spectrograph. 

(b) Effect of slit width : — Every partially pola- 
rised vibration line is accompanied by vibration rotation 
scattering on its either side which is depolarised to the extent 
of In order, therefore, to determine the state of polarisation 
of the true vibration scattering, the slit of the spectrograph 
has to be kept reasonably narrow so as not to include any 
appreciable part of the accompanying vibration — ^rotation 
scattering. If the slit is however very wide, then the results 
obtained refer to the aggregate scattering. 
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(o) Correction due to lack 0 / transversality : — When the 
source of light and its image in the centre of the vessel con- 
taining the liquid are of a finite size, there is obviously present 
an error due to a lack of perfect transversality of the incident 
beam. This error depends in a complicated manner on the 
existence of various angles other than 90° which the scattered 
beam makes with all possible directions of the incident rays 
and cannot easily he evaluated. If on the other hand, light 
from a point source is focussed in the centre of the liquid and 
the scattered beam is taken from this focal plane, the 
error due to the above cause is entirely eliminated.^ In 
order, therefore, to get an approximate idea of the correc- 
tion needed a long tube of CCI 4 is illuminated successively 
with the full length of the mercury arc used in all the 
experiments and with the light from a mercury point source 
and the depolarisation of the X4358 line is determined after 
being scattered by the liquid using a wide slit. The following 
results are obtained. 


Depolarisation of light scattered by CCl^. 


Incident light. 

Bunlighb. 

Mercury point source. 

5 inches mercury arc. 

P 

I 0*05 

1 0*045 

1 0*076 


It will be noted that the value given in column 3 is higher 
than either the sunlight value or the point source value by 
about 0 ’ 03 or 3% . This correction becomes even less signifi- 
cant with increasing depolarisation of the line and may 
altogether be neglected for limiting values of depolarisation. 

(d) Correction due to difference in the times of ex- 
posure : — The photographic blackening on the plate is not 
quite proportional to the time of exposure but a certain 
correction is needed. The general method adopted is to 

* I. R. Rao, Ind. Jour. Phys., 2,61(1927). 
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expose the two components of any one particular line for 
different times so that they are recorded on the plate with 
comparable densities. Under such circumstances p the de- 
polarisation of the line is given by the relation 

p=lH/Iv=(TvyTH)0-86. 


It is easily seen that this correction is of the same order 
as that already found for lack of transversality in the case of 
low depolarisation values and is in the opposite direction. 
Under the actual conditions of the experiment, both these 
corrections are therefore neglected and the value of p is given 
as the ratio of the times for which the two components have 
to be exposed in order that they may be recorded on the plate 
with equal densities. The values so arrived at appear to be 
correct to about ±2^ except in the case of highly depolarised 
lines. 


3. Results. 

A significant result obtained is that the intense rotational 
scattering exhibited by carbon disulphide, benzene and 
thiophene reaches the limiting depolarisation of ? in all cases. 
There is little doubt that this result is generally true and is 
in accordance with the theory of rotational scattering. 

Benzene : — The following values are obtained for some of 
the lines in benzene. 

v:— 605 992 1584 1605 

p:— 0-8 0 07 0'8 0*8 

It may be noted that while the first and the last two lines are 
strongly depolarised, the one at 992 which presumably 
represents a symmetric oscillation of the benzene molecule 
shows a small but definite depolarisation of 7Z • The striking 
difference between the states of polarisation of the 992 line 
and the double frequency at 1600 is of special significance. 
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The original interpretation suggested for the origin of this 
high frequency doublet was that it arises from a transverse 
motion of the hydrogen atoms. The contrary view that it 
represents the mutual oscillation of carbon atoms bound by 
double bonds while 992 is the corresponding frequency for 
single bonds has been put forward by Dadieu and Kohlrausch. 
The facts that the two are so differently polarised and that 
while 992 is a single sharp line, the higher frequency oscillation 
is actually double are not in favour of the latter view. It 
may also be mentioned here that in the series ethane, ethylene 
and acetylene the principal line representing the mutual 
oscillation of the carbon atoms remains perfectly sharp and 
shows no signs of either diffuseness or doubling as we go up 
the series although the frequecy increases in accordance with 
the increase in binding strength for double and triple bonds. 
It has also been found by the author * that the line of acetylene 
is very well polarised (depolarisation less than 20^ ) and there 
is little doubt that the corresponding lines in ethane and 
ethylene will be equally well polarised. In view of the above 
experimental facts it is clear that the existence of the very badly 
polarised doublet at 1600 in benzene cannot be taken as an 
evidence in favour of the presence of double bonds in its 
structure. 

Carbon disulphide : — 

v:— 400 056 796 

p :— 0*8 0*2 0-2 

An interesting feature in this liquid is the existence of a weak 
line at 400 which has to be identified with a transverse oscilla- 
tion of the carbon atom in the symmetry plane of the 
molecule. The oscillation is a degenerate one and is equiva- 
lent to an internal rotation of the carbon atom in that plane 


* Ind. Jour. Phy«., 6, 819 (1931). 
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and its high depolarisation has evidently to be ascribed to 
these characters of the oscillation.® 

Formic acM : — In this substance, lines having frequency 
shifts 189, 673, 1050 and 1398 reach very nearly the limit of 
Others are all partially polarised amongst which the one 
at 1672 shows the best polarisation. 

Thiophene : — In this substance, the prominent lines 
amongst those that reach the limiting value of 6/7 are 750 and 
3080. All the other lines seem to exhibit relatively small 
depolarisation values. 

Tetrachlorides : — The following table contains the values 
for the various lines of the tetrachlorides of carbon, silicon, 
titanium and tin. They are somewhat different from those 
already published by the author^ and are to be regarded as 
more accurate. 


CC14 

SiCl, 

TiCl4 

SnCl4 

V 

P 

p j 

P 

P 

P 

V 

P 

217 

0'8 

160 

0-8 

120 

0-86 

106 

0*85 

813 

0-8 

221 

0*8 

146 

0-85 

131 

U-85 

459 

0-04 

426 

0-11 

382 

0*12 

367 

0-16 

702 ■) 







I 

( 

0-8 

614 

0-86 

494 

0-86 

403 

0-85 

792 ) 



1 






A notable feature is the interesting progression in the 
behaviour of the most intense line in this series. The depola- 
risation value increases from about 4% in carbon to 11% in 
silicon, 12^ in titanium and 16^ in tin. That these lines 
which correspond to a symmetric oscillation of the tetrahedral 
molecules exhibit a genuine depolarisation is not surprising 

* B. Bhagayantam, Nature, 189, 167 (1982). 
lad. Jour. Phys., 8, 69 (1930). 
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PLATE VI 
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<c) 



(d) 


Carbon disulphide/ <c) Carbon ictracfiloridc-Horirontal comp, 

(b) Formic acid (d) Carbon tetrachloride— Vertical comp. 


Raman Spectra. 
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in view of the fact that the Eayleigh scattering as well by 
these molecules shows a distinct depolarisation which is found 
to increase from about 5% in carbon tetrachloride to about 
24^ in tin tetrachloride. Such a genuine departure of the 
structure of these molecules from perfect optical symmetry 
is also evidenced from the existence of a rotational Eaman 
scattering accompanying the Eayleigh lines. Figs, c and 
d in Plate VI are respectively the horizontal and vertical com- 
ponents of the light scattered by CCI 4 liquid, exposed for very 
different times. It may be noted that although the Eayleigh 
line in the horizontal component is actually weaker than the 
one in the vertical component, there appear strong wings on 
either side of it, while the vertical component is perfectly 
free from it. This clearly shows that the wing is of a genuine 
rotational origin and is, as may be expected, highly depola* 
rised. 

Contrary to the above results Cabannes® has recently 
reported that the intense line is equally well polarised in all 
the cases and is of opinion that the small depolarisation has 
to be attributed to the isotopes of chlorine and not to a 
genuine imperfection in the symmetry of the XCI4 molecule 
itself. There is however nothing inherently improbable in 
the view that a tetrahedral molecule is not perfectly sym- 
metrical especially if we recall the simplest case of methane. 
The appreciable imperfection of polarisation of the light 
scattered by this gas is now an established fact and the 
authour’s recent work on the polarisation of the Eaman lines in 
gases shows that the oscillation corresponding to a symmetric 
expansion of this molecule likewise shows a depolarisation of 
about 8 ^ . 

4. Conclusion. 

Amongst the important conclusions that are reached from 
the present workj, the following may be noted here. 


Compt. Rend.. 194, 79 (1932). 
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in view of the fact that the Rayleigh scattering as well by 
these molecules shows a distinct depolarisation which is found 
to increase from about 5^ in carbon tetrachloride to about 
24^ in tin tetrachloride. Such a genuine departure of the 
structure of these molecules from perfect optical symmetry 
is also evidenced from the existence of a rotational Raman 
scattering accompanying the Rayleigh lines. Figs, c and 
d in Plate VI are respectively the horizontal and vertical com- 
ponents of the light scattered by COI4 liquid, exposed for very 
different times. It may be noted that although the Rayleigh 
line in the horizontal component is actually weaker than the 
one in the vertical component, there appear strong wings on 
either side of it, while the vertical component is perfectly 
free from it. This clearly shows that the wing is of a genuine 
rotational origin and is, as may bo expected, highly depola- 
rised. 

Contrary to the above results Cabannes® has recently 
reported that the intense line is equally well polarised in all 
the cases and is of opinion that the small depolarisation has 
to be attributed to the isotopes of chlorine and not to a 
genuine imperfection in the symmetry of the XCI 4 molecule 
itself. There is however nothing inherently improbable in 
the view that a tetrahedral molecule is not perfectly sym- 
metrical especially if we recall the simplest case of methane. 
The appreciable imperfection of polarisation of the light 
scattered by this gas is now an established fact and the 
authour’s recent work on the polarisation of the Raman lines in 
gases shows that the oscillation corresponding to a symmetric 
expansion of this molecule likewise shows a depolarisation of 
about 8^ . 

4. Conclusion. 

Amongst the important conclusions that are reached from 
the present workj, the following may be noted here. 


Compt). Rend.. 194 , 79 (1932). 
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Tbe rotational Banian scattering appearing in the form of 
unresolred wings accompanying the Bayleigh lines in liquids 
is depolarised k) the extent of 6/7. 

In the vibration lines studied, there is no case for which 
the depolarisation exceeds 6/7, but there are however quite a 
number of them reaching this limiting value. 

Vibration lines which presumably represent symmetric 
oscillations of various molecules exhibit small but deioite 
depolarisation, 

The molecules of carbon, silicon, titanium and tin 
tetrachlorides have a genuine opM anmlropf 
The doublet frequencies 1581 and 1605 in benzene show- 
ing practically the limiting depolarisation are ascribed to a 
transverse motion of the hydrogen atoms, 

The author desires to express his best thanks to Prof, 
8ir G. Y. Baman for his kind interest and guidance in the 
work. 
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A Note on the Variation of Faraday Effect 
With Concentration 

By 

P. K. PiLLAI. 

In some recent experiments ^ on the magneto-optic rota- 
tions of the plane of polarisation of aqueous solutions of 
paramagnetic salts, the rotation due to the salt was derived 
from the simple additive relation that the rotation of the 
solution was the sum of the rotations due to the salt and the 
water contained. The present experiment was undertaken to 
see if the rotations derived by this simple relation were strict- 
ly proportional to the concentrations of the solutions. The 
salt chosen was cerium nitrate, and ten different concentra- 
tions were used, from one giving a strongly negative rotation 
to one giving a rotation very little less than that of pure 
water. 

The usual electro-magnet arrangement was used with a 
triple field polariser and a Hilger analyser, the rotations being 
measured up to one minute of arc. A glass mercury vapour 
lamp with a neodymium glass filter was used as the source of 
light. A cylindrical glass cell 5 cms, long, with ground ends 


* Ollivier, CompteB Bendus, 186, 1001 (1998) ; 191, 130 (1930). 



88 


P. K. PILLAI 


closed by micro cover glass, placed symmetrically between 
the pole pieces contained the liquid under investigation. 

The following table gives the results of the experiment. 

Table I 


Solution. 

Deuflity at 

25° C. in 
i gm./c.c- 

i 

1 

Concentration 
in grn./c.c. 

Kotation in 
degrees. 

Water con- 
iaincd in one 
c.c. of solution 

Rotation due to 
salt alone. 

Water 



j 

2" -54' 



A 

IMl'J 

0*741 

-3-24 

0*708 

5“ -27' 

B 

1-305 

•497 

-1-20 

•808 

3-41 

0 

1-230 

•371 

-0-13 

•850 

2-43 

D 

1-1B2 

•237 

+ 0-55 

‘916 

1-44 

E 

1-123 

•185 

1—22 

•938 

1-22 

F 

1-083 

*123 

1-55 

•960 

0-63 

G 

1-007 

•093 

! 2-9 

: *974 

0-40 

H 

1-048 

*002 

2-24 

•986 

0-28 

I 

1-035 

•015 

2-31 

*990 

0-21 

i 

1 

1-027 

•031 

I 

2-38 

•996 

0 

1 


The actual rotations given in the table were plotted 
against the concentrations and a straight line relation was 
obtained, there being a slight departure at low concentrations 
the points lying a little below the straight line. Verdet’s 
constants, calculated by assuming that of water gave a similar 
relation with concentration. The rotations for the salt given 
in the last column of the table, calculated by the additive 
relation were plotted against the concentration and gave a 
straight line relation. 

In this connection, it is interesting to mention that the 
values of Verdet’s constants for ferric chloride given by 
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Becquerel ^ when plotted against the concentration do not give 
a straight line relation. Bichards and Roberts * have found 
that aqueous sloutions of ferric chloride show anomalous rota- 
tory dispersion near absorption bands. It is to be expected in 
a general way that substances which show anomalous rota- 
tory dispersion would also show anomalies in the variation of 
Verdet’s constants for wave-lengths not far removed from the 
absorption region, since absorption varies slightly with con- 
centration. The following results taken from Roberts’ * 
experiments on cobalt sulphate illustrate the point. 


Table II 


Boluiion. 

Concentr.ation in 
gm./c.c. 

Verdet’B Constant for 
A -5893 A.U. 

j Vcrdol’s constant 
for A = 2482 A.U. 

Wutor 


0-01309 

0-1086 

A 

0-045 

•01313 

• 1061 

B 

•1)09 

•01300 

•10.5G 

C 

•113 

•01298 

•1029 

D 

•!23ii 

•01309 

•0905 

E 

•279 

•01312 

•093,5 


The Verdet’s constants for X=5803, near the 6100 A.U. 
absorption band show considerable anomalies with respect to 
the concentration, being greater and less than the Verdet’s 
constant for water, for different concentrations. On the 
other hand, the Verdet’s constants for X*=2182 A.U. far from 


12 


* Smithsonian Physical Tables, 1908, p. 289. 
» Phil. Mag., 3, 770 (1927). 

< Phil. Mag., 9, 301 (1930). 
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the absorption region are nearly proportional to the concen- 
trations. 

In conclusiont the author desires to express his grateful 
thanks to Prof. Sir 0. V. Eaman, P.R.S., for his kind interest 
and guidance. 
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Note on a New Rotating Commutator 

By 

Prof. A. Vbnkat Rao Telang. 

(Plate VII) 

Abstract. 

A ring of thin ebonite sheet is mounted on a Phonic wheel. Fixed to 
the ring are two sets A and B of uniformly spaced radial sectors of metal 
sheet. The elements of A are between those of B and nearer the centre of 
the ring, so that the outer thirds of the elements of A and the inner thirds 
of those of B lie on a common circle. Three insulated metal brushes are 
mounted in a radial line to touch these sectors as the ring rotates, so that 
brushes 1*2 and 2-3 are alternately shorted through the elements of A and 
B respectively, The arrangement can be used to charge condensers or 
applied to other similar purposes. Using additional sets of brushes at 
different positions, on the ring, a number of similar commutating effects 
can be obtained with any desired variation in phase. 

A rotating commutator is frequently employed for the 
accurate determination of small capacities. The accuracy of 
the results of such experiments depends on the possibility of 
maintaining a steady speed and accurate measurement thereof. 
There is a limit to the constancy of speed of a commutator 
driven by a small motor at high speed, and the chance of 
variation is the greater, the longer the speed has to be main- 
tained. An alternative method has been the employment of 
an electrically driven tuning fork to move a commutating 
metal strip between two metal contacts. This is satisfactory 
only in so far as we could get a steady speed employing little 
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power, and also different rates of commutation by the use of 
forks of suitable frequencies. But the efficiency of commuta- 
tion depends on the efficiency and duration of the contact 
between the moving strip and the contacts on either side. 
Actual trial showed unsatisfactory results, the galvanometer 
deflection depending on the amplitude of motion of the fork. 



Fig. 1. 

VULCANTIC RING WI'J’H METAL SECTORS. 

The present device secures a combination of the advan- 
tages of both, while eliminating the defects. A phonic wheel 
actuated by the intermittent current of an electrically 
maintained tuning fork is set rotating at a constant speed. 
This speed can be very accurately determined with the gear, 
counter and bell provided on the phonic wheel, and could be 
determined once for all for any fork. 

A ring of thin vulcanite sheet 20-30 cms. in diameter and 
4) or 5 cms. wide is flxed to the top of the phonic wheel so that 
its axis coincides with the axis of the rotating spindle (Plate 
IV). A number of sectors of thin brass sheet or thick tin 
foil about 3 cms. long and of suitable width are fixed radially 
on the ring, at equal intervals (Fig. 1). These sectors form 
two sets, the elements of one alternating with the elements of 
the second, and being nearer to the centre of the ring by about 
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1 cm. A set of three soft metal brushes^ carried on an 
insulating rod are supported along a radial line to rub on 
these sectors as the ring rotates. The innermost brush touches 
only the sectors of the first set, the outer brush those of the 
second set only, while the middle brush touches all the sectors 
in succession. The sectors will thus alternately connect 
brushes 1-2 and 2-3.... The brushes rubbing on metal give 
efficient contact and the duration of each contact is sufficiently 
long. 

It is possible to use further sets of brushes simultaneously 
in other positions on the ring, and by their proper location, 
any desired phase difference can be introduced. By providing 
rings having different numbers of sectors, the frequency of 
the operation can be varied. Forks of different frequency 
can be employed. There is thus room for a wide range of 
frequencies, each of which could be exactly determined and 
maintained. 

The special features of the apparatus may be listed as 
follows ; — 

(i) The speed is constant, and can be maintained so, 
indefinitely. 

(ii) -Tbe speed can be very accurately determined. 

(Hi) A variety of frequencies can be obtained by the use 

of different forks and rings provided with different 
numbers of sectors. 

(iv) The contacts are efficient and of sufficient duration. 

(v) The power consumption for working the apparatus 
is quite low. 


Department op Physics. 
Central College, 
Bangalore, S. India. 


^ Tinsol has been found suitablg for making those brushes, 
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A Note on the Co-efficient of Viscosity of Liquid 
Sodium Amalgams 

By 

G. E. Pabanjpb 

Early in 1928, Mr. E. V. Barave was repeating a few of 
the viscosity measurements carried out previously by another 
worker in this Laboratory. He reported to me a very curious 
observation that the viscosity of an amalgam suffered a 
gradual lowering with time and that the original value of 
viscosity was regained by a mere mechanical agitation. Since 
no satisfactory explanation could be offered for this pheno- 
menon on the basis of the existing theories, the matter was 
not pursued any further. 

Since a considerable amount of research on this subject is 
being published wherein many physical properties including 
viscosity are studied, it is thought it would be worth while to 
give publicity to Mr. Barave’s observations, for they have at 
least this important bearing on the viscosity measurements 
that the viscosity data (of previous workers) have now to he 
taken with considerable caution. 

He prepared a liquid sodium-amalgam by the electrolytic 
method and attempted to measure its viscosity by making it 
flow through a capillary tube. Making arrangements for 
constant temperature, he measured the viscosity of the same 
amalgam every day for about three days and found that the 
viscosity gradually diminished. Perturbed over the incon- 
stancy of what ought to be a constant, he shook his viscometer 
and mechanically stirred the liquid by passing it backwards 
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and forwards a number of times and found to his surprise that 
the initial value was restored completely. Wondering as to 
what this could be, he prepared another amalgam of a different 
concentration and found that it also showed similar changes. 
His results are given below, the values being correct up to . 

Table I. 


Time. 

For amalgam A. 

For amalgam B. 

Iflt Day 

0*01906 

0*02757 

2nd Day 

0*01744 

0*02161 

JJrd Day 

0*01626 

0*03669 


After shaking on tho tliird 

day 

3rd Day 

0*01908 

0*02760 


To pursue his observations still further, he prepared 
another amalgam, subjected it to the time change for two 
days, got its initial value restored by mechanical agitation 
and placed it again under observation to see if the time 
change still took place. As a result of observations for two 
days more, he found that the agitated amalgam also shows 
similar changes with time. The results of these experiments 
are given in Table II. 


Table II. 

Time. 

For amalgam C. 

For amalgam C (after shaking 
on the second day). 

Ist Day 

0-02027 

0-02070 ,‘ird Day. 

2Dd Day 

0-01824 

0-016G7 4th Day. 


Thinking that this might be due to the instability of the 
amalgams, i. e., to the separation of Na from the amalgams, 
he prepared another amalgam by the same method and used 
one portion of it at once and kept the other in the storing 
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vessel undisturbed for the time during which his experiments 
on the first portion were in progress. Now, if the change in 
viscosity was due to the separation of Na, such a separation 
must have already taken place in the second portion before 
its viscosity came to be measured and its initial value ought 
to be much lower than the initial value of the first portion. 
Actually he found that both the starting values were very 
nearly the same. Since his apparatus was perfectly air-tight, 
and the atmosphere in it was of an inert gas like pure dry 
nitrogen, he attributed this equality of both the starting 
values to the agitation the second portion suffered during 
its falling from the storing vessel into the viscometer. The 
results of these experiments are given below in Table III. 

Table III. 


Time (Bince 
preparation). 

1 

For <he 
first portion. 

i 

Time (since 
preparation). 

For the 
second portion. 

Ist Day 

0*01840 

4th Day 

0*01887 

2nd Day 

0-01G25 

5th Day 

0*01699 

3rd Day 

O-OlfiOO 

0th Day 

0*01539 


on shaking 



3rd Day 

0*01850 

Gth Day 

0*01890 


It is clear from these experiments of his, that the viscosity 
of a liquid sodium-amalgam decreases continually with time 
and that mere mechanical agitation is sufficient to restore 
the starting value. And from this it follows that the viscosity 
measurements of at least liquid sodium-amalgams cannot be 
relied upon with any certainty unless the time factor is kept 
uniform throughout the series of measurements. 


Physical Laboratohiks 
BoYAL InBTITUTB of SoiBNCE, 
Bombay. 
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REVIEW 


The Pkjsical Properties of the Soil By Dr. Bernard A.. 
Keen. (The Rothamsted Monographs on Agricultural 
Science.) Pp. vii + 380+2 plates. (London, New York and 
Toronto ; Longmans, (3^reen and Co., Ltd., 1931.) 21 s. net. 

The concept that in the main, fertilisation is determined 
by chemical reactions governed by the nature and concentra- 
tion of certain mineral substances in the soil, available within 
easy accessibility to the plant roots was the chief contention 
which Liebig elaborated in his famous memoir. Detailed work 
on manure absorption, and its subsequent behaviour showed ; 
however, that soil reactivity is not wholly expressible in terras 
of simple chemical reactions. Por example, as early as 1860, 
Way ' found that when soil is treated with certain soluble 
salts of potassium, sodium, and ammonium, calcium is dis- 
placed and found in the wash solutions, and the corresponding 
constituents of the added salts are abstracted by the soil par- 
ticles. Soon after, numerous cases were discovered, which 
showed that soil absorption was essentially a surface, a colloid 
phenomenon amenable in the majority of cases to Freundlich’s 
adsorption isotherm. Results of subsequent research have 
brought out the very marked influence of the above physico- 
chemical factor on the utilisability of the available or potential 
plant food in the soil, and would appear therefore to be the 
chief determinant of its fertility. In the light of these deve- 
lopments, Dr. Keen’s recent monograph on the ‘Physical Pro- 
perties of the Soil ’ giving a critical and a detailed account of 
the various mechanical, thermal, hygroscopic^ electrical and 


^ BuBsell, Soil Conditions and Plant Growth, 1927, London. 
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It is known that the last quantity is connected with the 
shape of the particles. This bears intimately on phenomena 
relating to the retention, and distribution of water, which 
together with water movements are of very great importance 
to plant life. Early workers ascribed these effects to surface 
tension and pressure effects within the soil interstices, soil 
itself being considered as a bundle of capillary tubes. A 
number of workers have also likened the water movements 
in the soil to the flow of heat or electricity. Corresponding to 
the electric current, and the potential difference, terms, viz., 
the capillary conductivity, and the capillary potential (which 
denote, respectively, the facility with which water flows 
through soil pores, and the attraction between the soil and 
water) are introduced in the familiar Fourier’s equations. 
These theories, however, have received but little support from 
experimental data. A completer analysis of the problem, due 
mainly to Haines, treats of the disposition of the water films 
about the points of contact amongst the soil particles. Consi- 
dering typical configurations of the porc-space in a three- 
dimensional assembly of idealised particles, the different 
modes of water distribution resulting from a variation of the 
water content in the cellular space, impart to the system pro- 
perties which have been found to be a good first approximation 
to the corresponding soil behaviour. 

This varying moisture content plays an important part in 
determining the thermal characteristics of the soil such as the 
conductivity, the specific heat, the temperature, etc. The 
heat conductivity of the soil in the form of a continuous block 
is about seven times that of water. When present as powder 
it lies between one third and one half of that of water on 
account of the poor thermal contact. The heat is therefore 
carried chiefly by radiation and by air convection through the 
inter-granular space. With the introduction of small propor- 
tions of water, packing of the particles becomes closer by the 
surface tension of water, and thin conducting films are formed 



REVIEW 


103 


between neighbouring particles. This improves the conduc- 
tivity beyond that of water, since that of the continuous soil 
material is called into play. As the amount of water is 
increased the soil particles move apart ; the factor mentioned 
above becomes less important, and the conductivity of the 
system tends to that of water. It is also of very great interest 
to consider the specific heat of the soil for varying moisture 
contents. The specific heat of the soil when dry is usually in 
the neighbourhood of 0 2. This quantity would attain the 
water value only with a large proportion of water. It follows 
therefore that for small amounts of water in the soil, the 
increase of the specific heat with water is less rapid than that 
of its heat conductivity. “ Within this range there is obtain- 
ed best conduction of heat, and the greatest temperature rise 
for a given application of heat, and the soil is in its most effec- 
tive state for supplying energy to the plants and the soil orga- 
nisms, and which is also the point at which other 

considerations suggest that the soil is in the best condition for 
plant growth” (p. 311). 

These are but a few samples from a very large amount of 
theoretical and experimental material packed by the author 
with great skill and insight within the limits of a moderate 
sized monograph. The volume is indispensable to students of 
agriculture as a science. 

S. S. JOSHI 


The Institute of Physics. 

We are glad to be able to announce that an Indian Com- 
mittee of the Institute of Physics has recently been formed in 
order to further the aims and objects of the Institute in this 
country. The names of the members of this Committee are : — 

1. Sir C. V. Kaman, Kt., D.Sc., F.R.S., N.L., Calcutta. 
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tive state for supplying energy to the plants and the soil orga- 
nisms, and which is also the point at which other 

considerations suggest that the soil is in the best condition for 
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These are but a few samples from a very large amount of 
theoretical and experimental material packed by the author 
with great skill and insight within the limits of a moderate 
sized monograph. The volume is indispensable to students of 
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The Institute of Physics. 

We are glad to be able to announce that an Indian Com- 
mittee of the Institute of Physics has recently been formed in 
order to further the aims and objects of the Institute in this 
country. The names of the members of this Committee are 

1. Sir 0. V. Baman, Kt., D.Sc.^ F.R.S., N.L., Calcutta. 
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2. Dr. P. N. Ghosh, Professor of Applied Physios, Univer- 

sity College of Science, Calcutta. 

3. Dr. H. P. Waran, Professor of Physics, Presidency 

College, Madras. 

4. Mr. M. Owen, Principal, College of Science, Nagpur. 

The Committee is still in its infancy and not much pro- 
gress can be expected until it receives the support of other 
physicists in India. The following short note on the aims and 
objects of the Institute has been written with the object of 
eliciting such support from all those who are interested in the 
real development of physical science. If the response is grati- 
fying, it is hoped to arrange for periodical meetings of Fellows 
and Associates at convenient times and places to correspond, 
for example, with the meetings of the Indian Science Congress. 
The aims of such meetings will be readily understood from the 
statement of objects and policy of the Institute. 

The Institute of Physics was founded in 1918, with head- 
quarters in London, with the object of securing the recognition 
of the professional status of the physicists, to urge the impor- 
tance of physics in industry and to co-ordinate the work of all 
the Societies concerned with physical science and its applica- 
tions. The work of the physicist has become increasingly 
important, both in science and industry, and, up to the time of 
foundation of the Institute, he was scarcely recognised as one 
of the professions. The engineer and the chemist were more 
wideawake, and their respective Institutes soon succeeded in 
raising the professional status of their members as well as safe- 
guarding their interests. The need had long been felt for a 
corporate body analogous to the Institute of Chemistry which 
could represent the profession of Physics and strengthen the 
position of workers engaged therein. 

The Institute grants Diplomas to Corporate Members 
indicative of high standard of professional competency in 
Physics. Corporate Members consist of two classes. Associates 
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and Pellows. The authorised abbreviations indicating the 
class of the Institute to which any person belongs are *' A. 
Inst. P.” and “ P. Inst. P.” respectively. There is a small 
annual subscription for each class. Fellows receive the Journal 
of Scientific Instruments without further payment, while 
Associates pay small additional subscription of 10 s. 6 d. per 
annum for this Journal. In addition to the above Corporate 
Members, other persons possessing the requisite knowledge of, 
or interest in, Physics are eligible for Ordinary Membership. 

A candidate who has attained the age of 21 years can be 
admitted to the Associateship either by or without examination. 
In the latter case, he must comply with one of the following 
conditions (i)’, (ii) or (in) : 

(i) If he has obtained a recognised degree or diploma 
and further pursued not less than one year’s full time research 
in Physics. 

(ii) If his research record is approved by the Board of 
the Institute as of such a quality as to justify the Board in 
exempting him from an examination. 

'(Hi)] If he has been or is responsible in a manner approv- 
ed by the Board for valuable work in Applied Physics. 

A candidate who is either an Associate or is possessed of 
the qualifications required for the Associateship is eligible for 
election to the Fellowship provided that, in addition 

(a) He has carried out or been responsible for approved 
research work in Physics or its applications for not less than 
five years ; or 

(b) He has been engaged in or responsible for manufac- 
turing work involving a knowledge of Physics for not less than 
five years. 

The Institute has been responsible for the publication of 
several lectures by well-known experts dealing with Physics 
in Industry. These refer to Physics in its relation to Engi- 
neering Science, Engineering Practice, Igjlectrical Engineering, 

' 14 
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Ceramic Industries, Textile Industries, Metallurgy, Electrical 
Precipitation, Eubber Industry, Agriculture, Aeronautical 
Science, Navigation, Glass Industy, Food Industry, Photogra- 
phy, Utilisation of Fuel, Internal Combustion Engine, Astro- 
nomy and the Development of Wireless. These publications 
are obtainable at the offices of the Institute and no one who 
has read them can fail to observe the demands which the 
development of these various industries have already made 
upon the time and work of the physicist. No physicist can 
afford to be ignorant of the applications of his own subject to 
industrial progress. Below all this work for special industrial 
purposes there is, of course, a definite trend to gain further 
fundamental knowledge in various directions. 

The present president of the Institute is Lord Kutherford. 
At the beginning of this year, there were C Honorary Fellows, 
369 Fellows, 200 Associates, 85 Ordinary Members and 27 
Eegistered Students on its rolls. Only 9 Fellows, 12 Associ- 
ates, 6 Ordinary Members and one Eegistered Student are 
resident in India, while throe further applications for Associate 
Membership are under consideration. It will be readily ad- 
mitted that the total number of Indian members is far too low 
compared with the reputation and work of physicists in this 
country. 

In the revival of Indian industries the physicist must take 
his part. The commercial community will continue to ignore 
us unless we are able to make our presence felt. The apathy 
of the physicist himself is proverbial, and it is only by joining 
together in one strong brotherhood that we shall be able to 
raise the level of our noble profession and insist upon the 
scientific advance of the nation. The opportunities offered to 
the Indian branch of the Institute call for the co-operation of 
all the leading physicists in the country. Further information 
regarding the Institute will be gladly supplied by any of the 
members of the Indian Committee. The prescribed applica- 
tion forms may be obtained from Mr. Owen at Nagpur. 
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Intensity Relations in the Raman Spectrum of Hydrogen. 
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Abstract, 

Measurements have been made of the intensity and polarisation of the 
lines in the Eaman spectrum of hydrogen. The results when compared 
with those calculated from the quantum mechanics by Manneback show a 
beautiful agreement in respect of the relative intensity (both vertical and 
horizontal components) of the different lines in the P and R branches. But 
a striking disagreement with the conclusions of the quantum mechanics 
appears in respect of the intensities of the horizontal components of the P 
and R branches when compared with the horizontal component of the Q 
branch, the actual intensities of the former being much smaller in relation 
to the latter than the values given by theory. The results appear to indi- 
cate a definite failure of the accepted scheme of quantum mechanics. A 
suggestion is made as to the cause of the failure, namely, that in the 
quantum mechanics, the intrinsic spin of the photon has not been properly 
taken into account. A revised calculation on a modified basis gives results 
in agreement with experiment. 

1. Introduction. 

The belief that light consists of discrete and enumerable 
units or quanta rests upon certain phenomena, namely, the 
photo-electric effect, Compton effect and Raman effect which 
may be observed under suitable conditions when radiation 
falls upon matter. In each of these phenomena, the experi- 
mentally observed results may be described by regarding the 
case as one of encounter between a material particle and a 
quantum of radiation, and ascribing to the latter, certain 
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dyaamioal properties. For instanoe, in the explanation of the 
photo-electric effect, the quantum is assumed to possess energy 
hv which is absorbed and utilized in ejecting the electron from 
the atom. The additional assumption that the quantum 
possesses linear momentum hv/c similarly serves to give an 
account of the Compton effect. Still another attribute for 
the photon, namely, the possession of an intrinsic spin or angu- 
lar momentum ±/?/2ir appears to be necessary in order to 
make it intelligible why in the Eaman effect a dumb-bell 
molecule such as Hg, Nj, O 2 may change its state of rotation 
as a result of an encounter with the quantum. Whether this 
spin of the photon and the exchange of angular momentum 
between it and the molecule are adequately taken care of in 
the existing theories of light-scattering will best become evi- 
dent when we compare the facts observed in experiment 
with the results of the theoretical treatments. The exact 
experimental study of the Raman effect with the simplest 
molecules is thus of great importance, not only as a means of 
deciding the question whether the photon has an intrinsic spin 
or not, but also as a method of testing the correctness of exist- 
ing quantum-mechanical theories of radiation. 

The beautiful researches of Rasetti, Wood and others on 
the Raman spectra of the diatomic gases are well-known. 
These investigators, however, concerned themselves mainly 
with the frequency shifts observed in the spectra and their 
interpretation, and left untouched the very important question 
of the absolute intensity of the Raman radiations and their 
state of polarisation. A knowledge of these quantities and of 
their relationship to the intensity and polarisation of the 
Rayleigh scattering by these gases is fundamental to the sub- 
ject. To fill this gap in our knowledge, the study of 
light scattering in gases with special reference to questions of 
intensity and polarisation was taken up by the present writer 
towards the end of 1930, and has been systematically continu- 
ed ever since. From time to time, preliminary reports of the 
results obtained have been published in the Indian Journal of 
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Physics and in short communications to ‘ Nature.’ The pur- 
pose of the present memoir is to describe in detail the tech- 
nique which has been developed in the course of these 
investigations and to present for the first time, the results of 
a complete study of the Raman spectrum of hydrogen. The 
principal interest of these experiments is that it is now possi- 
ble to make a comparison between them and the theory of 
light scattering developed by Prof. Manneback ‘ for diatomic 
gases on the basis of the quantum mechanics. The results 
disclose a very good agreement in some respects with the 
theory but are in a remarkable disagreement with it in other 
respects. It is perfectly clear that t|e disagreement is funda- 
mental and not due to any errors of experiment on the one 
hand or to any analytical defects in Professor Manneback’s 
investigation on the other hand. 

2. Experimental Technique. 

One of the chief difficulties in the study of the Raman 
effect with gases is that of securing sufficient intensity of 
scattering for good photographs to be obtained with not exces- 
sively long exposures. Rasetti * obtained the Raman spectrum 
of hydrogen working with the gas contained in strong silica 
tubes at a pressure of 12 atmospheres and lighted by the\2536 
mercury radiation from a special type of water cooled arc. 
McLennan, Smith and Wilhelm ® worked with liquid hydrogen 
preserved in transparent Dewar vessels and used \1358 and 
X4046 as the exciting radiations. In both the above methods, 
the mercury arcs are kept as close to the substance as possi- 
ble in order to obtain a sufficiently intense scattering. The 
procedure is obviously unsuitable for investigating the various 
problems connected with intensity and polarisation, as for this 
purpose one has necessarily to use an incident parallel beam 
and make the observations at an angle of 90° with its direction 

1 0. Manneback, Zeit. f* Phys , 62, 224 (1930) and 65, 574 (1030), 

a Phys, Kev., 54, 86T (1929). 

9 Trans. Boy. 8oo« Canada^ SB, 247 (1929)* 
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dynamical properties. Por instance, in the explanation of the 
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with the results of the theoretical treatments. The exact 
experimental study of the Raman effect with the simplest 
molecules is thus of great importance, not only as a means of 
deciding the question whether the photon has an intrinsic spin 
or not, but also as a method of testing the correctness of exist- 
ing quantum-mechanical theories of radiation. 

The beautiful researches of Rasetti, Wood and others on 
the Raman spectra of the diatomic gases are well-known. 
These investigators, however, concerned themselves mainly 
with the frequency shifts observed in the spectra and their 
interpretation, and left untouched the very important question 
of the absolute intensity of the Raman radiations and their 
state of polarisation. A knowledge of these quantities and of 
their relationship to the intensity and polarisation of the 
Rayleigh scattering by these gases is fundamental to the sub- 
ject. To fill this gap in our knowledge, the study of 
light scattering in gases with special reference to questions of 
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ed ever since, from time to time, preliminary reports of the 
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Physios and in short oommunioations to * Nnture.* The pur- 
pose of the present memoir is to descnhe in detail the tech- 
nique whioh has been developed' in the course of these 
investigations and to present for the first time, the results of 
a complete study of the Eaman spectrum of hydrogen. The 
principal interest of these experiments is that it is now possi- 
ble to make a comparison between them and the theory of 
light scattering developed by Prof. Manneback * for diatomic 
gases on the basis of the quantum mechanics. The results 
disclose a very good agreement in some respects with the 
theory but are in a remarkable disagreement with it in other 
respects. It ia perfectly dear that the disagreement ia funda- 
mental and not due to any errors of experiment on the one 
hand or to any analytical defects in Professor Manneback’s 
investigation on the other hand. 

2. Experimental Technique. 

One of the chief difficulties in the study of the Raman 
effect with gases is that of securing sufficient intensity of 
scattering for good photographs to be obtained with not exces- 
sively long exposures. Rasetti ^ obtained the Raman spectrum 
of hydrogen working with the gas contained in strong silica 
tubes at a pressure of 12 atmospheres and lighted by theX2536 
mercury radiation from a special type of water cooled arc. 
McLennan, Smith and Wilhelm ® worked with liquid hydrogen 
preserved in transparent Dewar vessels and used X.1358 and 
X4i046 as the exciting radiations. In both the above methods, 
the mercury arcs are kept as close to the substance as possi- 
ble in order to obtain a sufficiently intense scattering. The 
procedure is obviously unsuitable for investigating the various 
problems connected with intensity and polarisation, as for this 
purpose one has necessarily to use an incident parallel beam 
and make the observations at an angle of 90° with its direction 

» 0 . Manneback, Zeit. f. Phys., 62, 224 (1930) and 65, 574 (1930). 

» Phyg. Kev., 34, 867 (1929). 

9 Trans. Boj. 800 ^ Canada* 2B, 247 (1929)* 
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of propagation. The fact that nicols are usually not available 
for use in the ultra-violet region also makes the extension of 
Rasetti’s technique to the study of polarisation a matter of 
difficulty. Apart from this, the use of quartz spectrographs 
in studying the polarisation characters of the Raman lines 
introduces serious errors and difficulties,^ and it is therefore, 
convenient to work in the region of the spectrum accessible to 
a glass spectrograph. The intensity of scattering is however 
very much diminished as we pass from the ultra-violet to the 
visible region. 

Another important question of technique is that of elimi- 
nating parasitic light. The necessity for this is strikingly 
illustrated by the photographs obtained by McLennan, Wilhelm 
and Smith, in which relatively few lines, in fact only three or 
four of the strongest, are recorded, in spite of the fact that 
liquid hydrogen was employed and very well exposed pictures 
should therefore have been obtained. That the fainter lines 
do not appear on their plates is evidently due to their suppres- 
sion by the continuous spectrum of the mercury arc reflected 
from the walls of the Dewar vessels containing the liquid 
hydrogen. It is, therefore, obvious that serious errors in the 
photometry of faint Raman lines would enter if parasitic light 
is not carefully avoided. Uneliminated parasitic light would 
in addition lead to grave errors in the measurement of the 
relative intensities of the Raman and the Rayleigh lines, by 
making the Rayleigh scattering appear more intense than it 
really is. An apparatus has been constructed with all the 
above points in view which enables very clear and well- 
exposed pictures of the Raman spectra of gases to be obtained 
with moderate exposures using glass spectographs. 

A brief description of the apparatus already given in an 
earlier communication ® will be included here for convenience 
(see Rig. 1) . 


^ K. S. Krishnan and A. Sarkar, Ind. Jour. Pbye., 6, 194 (1931). 
‘ Ind. Jour. Phys., 6 , 319 (1931). 
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The gas is contained in a transparent silica tube having 



Pig. 

graphs obtained in about 


an inner diameter of f" and 
an outer diameter of 1|^". This 
is enclosed in an outer steel 
tube T for protection. A cir- 
cular glass window contained 
between thick rubber washers 
is pressed against the plane 
end of the quartz tube by a 
steel screw cap. The steel 
tube has a slit 6" X i" cut out 
of it for illuminating the gas. 
The gas is admitted through 
a pin valve V attached to the 
screw cap C 2 at the back end 
of the quartz tube. An in- 
clined black glass £ is pro- 
vided for securing a dark 
background. The outer sur- 
face of the silica tube is paint- 
ed black leaving only a slit 
in the same position and of 
the same size as the slit in the 
outer steel tube for illumina- 
tion of the gas. A system of 
painted apertures A is pro- 
vided within the silica tube 
with the result that no light 
reflected by the walls of the 
tube enters the spectrograph. 
Pressures up to 50 atmo- 
spheres could be used in this 
apparatus and very good photo- 
to 50 hours’ time using X, 3650^ 


k 4046 and \ 4358 as the exciting radiations. 
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The apparatus is used in conjunction with a 6-inoh quartz 
mercury arc of the usual type. Light from this lamp is con- 
densed by a large glass condenser into the gas tube. With 
such an arrangement, the p irasitic light is much less than in 
the alternative plan of keeping the lamp directly above and in 
contact with the gas tube . 

It may be mentioned here that for a comparison of the 
intensities of the horizontal components of the Raman and 
Rayleigh radiations or for a measurement of the state of 
polarisation of the Rayleigh scattering by itself, an even more 
rigorous elimination of the parasitic light is necessary and this 
can only be achieved with a different form of the apparatus to 
be described later. 

3. The Raman Spectrum of Hydrogen. 

Figs, (a) and (6) in Plate IX are obtained with the 
apparatus shown in Fig. 1 using pressures of 30 and 50 atmo- 
spheres respectively and an analysis of these photographs 
reveals the following frequency shifts for the H 2 molecule. 
A complete list of the observed lines and their assignments to 
the various exciting lines is given at the end of the paper as 
Table XII. 


Table I. 

Raman frequencies in hydrogen. 


Transition. i 

Bbagavantam. 

Rasetti. 

n 

K 



0— >0 

8— >I 

-687-0 

-687*3 


2— >0 

-364-0 

-3K4-6 


0— >2 

364*6 

354-1 


1" ^3 

687-6 

687-6 


2-^4 

814-2 

814-4 


3— >5 

1034*5 



0->0 

Not resolved 

4162*1 


1-^1 

4166-2 

4166*0 


2— >2 

4143-0 

4144-8 


3—^3 

4127*0 

4126*9 


l->8 

4714-6 

4718*3 
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The agreement between the two sets of values is very 
satisfactory. 

In order to get intensity and polarisation measurements 
which may be compared with the theory, it is no doubt neces- 
sary to work in the gaseous state at as low pressures as possi- 
ble, thus minimising the uncertainties due to the mutual 
influence of molecules, etc. But from a practical point of 
view, one has to adopt fairly high pressures to obtain scattered 
light of reasonable intensity. The fact that the values given 
by Rasetti who worked with the gas at a pressure of 12 at- 
mospheres agree so remarkably well with those obtained by 
the author at much higher pressures is a convincing proof 
that the frequencies are quite independent of pressure. 
Apart from such a constancy of the frequency shifts, 
it also appears that in hydrogen gas, neither the sharpness nor 
the intensities of the various lines are appreciably affected 
by moderately high pressures. The present writer has photo- 
graphed the rotation lines at three different pressures, viz.y 
13, 20 and 36 atmospheres with exposure time inversely 
proportional to the pressure employed. The lines as recorded 
remain perfectly sharp at all the three pressures and actually 
show a slight increase in intensity with increased pressures 
as may be expected from the fact that the Schwarzchild 
correction has not been taken into account in giving the 
different exposures. It is also significant that the frequency 
shifts recorde d by McLennan, Smith and Wilhelm for the 
strong lines in liquid hydrogen agree very closely with the 
corresponding values given by Rasetti and by the author. 
Further, the rotational transitions appear in their photographs 
as quite sharp lines in spite of the fact that the density of the 
liquid is nearly 800 times as great as the density of the gas 
at N.T.P. 

The above results are not surprising in view of the recent 
work of the present writer * on the effect of pressure on the 


® Ind. Jour, Phys,, loc. ciu 
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rotational quantisation in gases. It was found with various 
gases that unless the pressure is so high that the frequency of 
molecular collisions approaches the frequency of rotation, the 
individual rotation lines are not appreciably affected either 
in sharpness or in intensity. A calculation was made of this 
critical pressure in several oases from considerations of 
viscosity, mean free path, etc., and good agreement shown to 
exist between these and the experimentally found pressures 
beyond which the rotation lines cease to be sharp. Owing to 
the low moment of inertia of the hydrogen molecule, this 
pressure comes out as 450 atmospheres. Thus there appear to 
be good reasons, both theoretical and experimental, for 
believing that pressures up to 50 atmospheres or even more 
could be used in the case of hydrogen without introducing 
any complications due to molecular collisions affecting the 
intensity or sharpness of the Raman lines. 

4. Intensity of the Raman Lines in Hydrogen. 

It will be noted from Table I that the Raman frequencies 
recorded may be divided into three distinct groups, viz., (i) 
six lines arising from changes in the rotational energy alone 
of the molecule, (ii) three close lines arising from changes in 
the vibrational energy alone of the molecule, (Hi) one line 
arising from a simultaneous change in both the rotational and 
vibrational energies of the molecule. An experimental 
investigation of their relative intensities is of great importance 
and will form the subject matter of this section. 

Rotation lines : —Pig. (o) in plate IX is obtained directly 
without any polariser in the path of the scattered beam and 
represents the total scattering, i.e., a superposition of the 
vertical and the horizontal components. Pig. (b) is obtained 
after interposing a nicol with its vibration axis horizontal 
and is thus a record only of the weaker of the two 
principal components of all the lines. It is very clear from 
the pictures that the relative intensities of the various rotation 
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lines remain quite the same in both oases. This is merely 
a consequence of the experimental fact, to be described later, 
that the individual rotation lines are all polarised to exactly 
the same extent. 

Two independent methods have been adopted for measur- 
ing the relative intensities of these lines. In the first method, 
a series of photographs of the scattered spectrum are obtained 
on the same plate keeping the pressure of the gas, conditions 
of illumination and other details of the arrangement practically 
unchanged. The times of exposure are so adjusted that the 
lines which are being compared are recorded with equal 
densities. Under these conditions, the ratio of their inten- 
sities may easily be obtained from the relation 

where I and T stand respectively for the intensity and time 
of exposure. In this way, the relative intensities of the 
various lines in Fig. a (total scattering) have been determined. 

In the second method, a scale of intensity marks is 
obtained by varying the width of the spectroscope slit to known 
extents and exposing in each case for the same time the 
radiation from a standard tungsten ribbon lamp. The density 
at any desired wave-length is obtained for each of the inten- 
sity marks by running the plate through a Moll microphoto- 
meter and the corresponding intensities are taken as propor- 
tional to their respective slit widths. In this way, the 
density-log intensity curves are drawn for each wave-length 
at which the various rotation lines that are to be compared 
with each other appear. The scattered spectrum is exposed 
on another plate but is developed along with the above 
intensity marks in the same dish under identical conditions. 
A single microphotometric record of the various rotation lines 
(See plate YIII) enables the density of each of them to be 
determined, and the corresponding intensities as fractions of 
the standard radiation having the same wave length as the 

2 
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line itself may be read ofE from the above curves. The 
relative intensities may then be easily determined from a 
knowledge of the intensity distribution in the radiation emitted 
by the tungsten lamp. This method has been adopted for 
determining the relative intensities of the lines in Eig. b 
(horizontal components only). It may be noted that the 
results obtained in the second case are free from errors due to 
variations in the photographic sensitivity of the plate in 
different regions of the spectrum, and is in this way superior 
to the drst method. The results are given in Table II. 


Table II 

Relative intensities of rotation lines. 


Transition. | 

Total scattering. 

Horizontal 

component. 

n. 

K. 


3— >1 

0-16 

0*13 


2— >0 

0*15 

013 


0->2 

* 0*7 

0’67 


1~>3 

2»0 

2-6 


1 2-^ 

0*8 

0*30 


3— >6 

0*2 

0*21 


It will be seen that the agreement between the two sets of 
values is satisfactory. The marked discrepancy in the case 
of the intense l—^S line is due to the fact that its density was 
so large that the corresponding intensity had to be derived 
from an extrapolated portion of the density-log intensity 
curve. The value in column two is therefore to be preferred 
for this line. 

Vibration lines The next problem is to compare the 
intensities of the fine structure components of the*vibrational 
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scattering. These are shown by three arrows in the micro- 
photometric record reproduced in Plate X. All the three 
components are excited by X3650 mercury radiation. The 
comparison is made only by the former of the above methods 
and the results are to be regarded as somewhat less accurate 
on account of the extreme closeness of the lines. 


Table III. 

Relative intensities of the fine structure components. 


Transition n : 0 — ^1 

K : 0—^0 

1 

’ i->i 

2— >2 

3— >3 

Intensity of total 

not resolved 

1 

: 6-0 

0*8 

0*8 

scattering. 






Vibration and vibration-rotation lines : — In the case of pure 
rotation lines dealt with above, the various radiations which 
were being compared are all polarised to the same extent, and 
hence it was of no consequence whether the comparisons were 
made in the total scattering Fig. {aX or in the horizontal 
components alone Fig. (6) of Plate IX. The situation now 
is however quite different as the vibration lines are well 
polarised whereas the vibration-rotation lines are badly pola- 
rised. The two cases will load to wholly different results. 
In the total scattering, the vibration line represented by 
n K :1— >1 has been compared with the vibration rota- 

tion line represented by n:0— >1; K:l— >3 by the time- 
exposure method, while in the horizontal component of the 
scattered light, these two lines are compared by the method 
of intensity marks. The latter course is adopted for the 
horizontal components with a view to get accurate values 
on account of the great theoretical significance of this 
result. These two lines are marked by the letters Q and E 
respectively in Figs, (a) and (b)^ Plate IX and also in the 
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micro-photometric record of the horizontal components alone 
(plate VIII). 

Table IV. 


Relative intensities of vibration and vibration-rotation lines. 


TraDsition 

n : 0— >1 

K : 1— >1 

n : 0 — 

K : 1— >3 


Total Scattering 

1 

1 5-0 ! 0-8 

Intensity 

: Horizontal Com- 
ponents. ^ 


0-8 


The remarkable fact that has to be noted is the larger 
intensity of the vibration line in comparison with the vibra- 
tion-rotation line even in the horizontal component. This is 
clearly seen in the microphotometric record as well as the 
photograph of the spectrum itself reproduced in the present 
paper. 

6. Polarisation of the Raman Lines in Hydrogen. 

Method of measurement : — The scattered beam is made 
to pass through a suitably orientated nicol before it 
enters the spectrograph, and the horizontal and the vertical 
components are separately photographed side by side on the 
same photographic plate. In order to determine their relative 
intensities, use is made of the relation (Ih/Iv*=Tv/Th)° ®® 
where I and T represent respectively the intensity and 
the time of exposure. This relation holds good if the densi- 
ties of the two images are equal. The two components should 
therefore be exposed for different times, the times being so 
adjusted by trial that the images are recorded with equal 
density on the plate. In practice, a series of photographs are 
taken of the vertical component along with one of the hori- 
zontal component providing a sufficiently close range of 
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depolarisation values.^ By examining the pictures, it is easy 
to fix the limits for the depolarisation of the particular line 
under consideration. 

Results : — In this manner, the depolarisations of two 
rotation lines and the principal vibration line are determined. 
The results are given in Table V. 

Table V, 


Depolarisation of Raman lines. 


Transition. 

K: 0— >2 

K:l— >3 

K : n : 0— >1 

Depolarisation. 

0-86 ±0-06 

0-85 ±0-05 

1 

016+0-02 


In the case of the vibration line given in the last column, 
the actual times for obtaining equality of the horizontal and 
the vertical components are in the ratio of 14 : 100. This 
ratio, viz., 0*14 when corrected for, by introducing 0*86 in the 
power of time, becomes 0*184, The value is, however, given 
as 0*16, the diminution effected being a correction due to a 
lack of transversality in the incident beam as will be explain- 
ed later. An independent but an approximate check on this 
value may be obtained from the results given in the foregoing 
section on the relative intensities of the various Baman lines. 
In Table lY, a comparison is made of the intensity of the 
vibration line (K ;1— >1 ; n : 0— >1) with that of the vibration- 
rotation line (K :1 —>3 ; n : 0-->l) for both total scattering and 
the horizontal components. It is clear from the two photo- 
graphs reproduced in plate IX that the latter is depolarised 
to the same extent as the pure rotation lines. This may be 
seen by comparing it with the neighbouring rotation line 
0->>2 in both the photographs. The result is in accordance 
with what we should expect from the theory, and thus taking 

^ DepolariaatioD is defined in tbe nsnal way ^ 
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the depolarisation of the vibration -rotation line to be also 0*86, 
we can easily calculate the state of polarisation of the princi- 
pal vibration line from the figures given in Table IV. The 
result comes out as 0'13 in reasonable agreement with the 
directly determined value. The small discrepancy is probably 
due to the inaccuracy in the intensity measurements by the 
time exposure method. 

An outstanding feature in the results of this section is the 
large depolarisation exhibited by the rotation and vibration- 
rotation lines as contrasted with the strong polarisation of the 
vibration line. The depolarisation of the individual rotation 
lines is in close agreement with the theoretical deductions of 
Manneback. The significance of the depolarisation value for 
the vibration line will be dealt with in a later section on the 
discussion of the results. 

6. Sources of Error and the Necessary Corrections. 

In the above method of measurement, there are various 
sources of error which one has to guard against. Mention has 
already been made of some of these and the necessary correc- 
tions, in earlier communications by the present writer dealing 
with the subject of polarisation of Baman lines in liquids. 
Apart from such errors, there are also others which are peculiar 
to the present work on gases, and a comprehensive discussion 
will be given here of the various corrections employed and 
the tests made in order to render the results free from such 
uncertainties. 

(a) Polarisation due to oblique refraction at the prism 
surfaces : — In accordance with the well-known Fresnel’s laws 
of reflection and refraction, the horizontal and the vertical 
components are in general neither reflected nor transmitted 
equally by transparent media. As a result, the depolarisation 
of any radiation passing obliquely through the prisms of the 
spectrograph is altered : the vertical component loses more 
than the horizontal one and the depolarisation is apparently 
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enhanced. The error introduced in this manner is, however, 
a constant characteristic of the instrument used and may 
be determined very exactly by allowing unpolarised light to 
fall on the slit of the spectrograph and determining its state 
of polarisation as it emerges out at the other end. The 
corresponding correction is introduced in the times of exposure 
for the horizontal and the vertical components. 

(b) Lack of transvemlity in the incident beam It is 
well-known that when unpolarised incident light is used, the 
depolarisation of the scattered light is a minimum in the trans- 
verse direction and goes on increasing on its either side with 
increasing obliquity till it becomes completely unpolarised in 
directions which are parallel to that of the propagation of the 
incident beam. Thus, it appears necessary that in order to 
obtain experimentally the true depolarisation '(i.e.) the depola- 
risation in the transverse direction, one has to use a strictly 
parallel incident beam and make the observation at an angle 
of 90° with it. In practice, matters are, however, somewhat 
simpler, as it was shown by I. R. Rao’ that the use of a con- 
denser for focussing a source of light of small angular aper- 
ture introduces no error under this head so long as observation 
of the scattered light is made at the exact focus. The source 
used in the present experiments is, however, an extended one 
being a quartz mercury arc of 6 inches length and is likely to 
introduce a certain error under this head. The error will how- 
ever be relatively more serious in the case of low depolarisa- 
tion values than in the case of the higher depolarisations. In 
the case of the rotation lines which are very nearly unpolatis- 
ed even in the transverse scattering, this correction may alto- 
gether be neglected. The vibration line, being a well 
polarised line, stands on a slightly different footing. In order 
to get an idea of the magnitude of the correction necessary, a 
computation is made in the following way. If p is the true 


' Ind. Jour. Phys., S, 61 (1M7). 
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depolarisation for strictly transverse scattering when unpola- 
rised incident light is used, pg , the depolarisation of the beam 
scattered at a direction $ from the transverse case, is given by 
the relation 

Pg =p+8m®0(l— p) 

The average value of this function may easily be obtained by 
integrating it between the limits ±a where a is the extreme 
angle at which rays are likely to enter the gas tube from the 
condenser under the conditions of the experiment. For a 
column of 5 inches of illuminated gas kept at a distance of 
about 8 inches from the condenser the average value of the 
correction factor sin®0(l— p) comes out as +0’026 in the 
neighbourhood of O’ 16. The magnitude of the correction 
varies very little with varying values of p. 

The results of the above computations are independently 
checked by the following experiment. A tube of liquid carbon 
tetrachloride is illuminated under conditions exactly similar 
to those used in the experiments with the hydrogen gas, illu* 
minated column being about 5 inches in both cases, and the 
state of polarisation of the Bayleigh scattering mixed with 
the accompanying rotational Eaman scattering is determined 
opening the slit of the spectrograph wide. The experiment is 
repeated with a mercury point source* and also using sunlight, 
the depolarisation in the latter case being determined visually 
by the Cornu method. The results are given in Table VI. 

Table VI. 

Depolarisation of Rayleigh scattering in CCU. 

Mercury Point-aource. 

0’046 

* Details regarding this lamp are given in a later section. The length of the arc is 
only about 1 mm. and the method is therefore free from any errors due to lack of transversa- 
lify. 


6 inch mercury arc. 
0-076 


Sunlight. 

0*049 
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The slight discrepancy between the visually obtained sunlight 
value and the spectroscopically obtained mercury point-source 
value is probably due to the presence of some nearly unpolaris- 
ed vibration lines of appreciable intensity in the scattering by 
OCI4. The use of a 6 inch mercury arc on the other hand has 
only increased the value by about 0’03 in good agreement with 
the foregoing computations of the magnitude of this error. 

(c) Photo-elastic effect in the observation window : — It is 
absolutely necessary that in the course of the exposures for 
both the horizontal and vertical components, the pressure in 
the gas tube should remain constant. Such a perfect freedom 
from leakage can only be obtained by putting a considerable 
amount of pressure on the glass plate Gi between the rubber 
washers (fig. 1) by means of the screw cap. Although, the 
presence of thick rubber washers tends to render the strain on 
the glass plate quite uniform, there is a certain chance of the 
window developing a photo-elastic effect under strain. In 
order to test this point, nitrogen gas was put into the tube at a 
pressure of about 45 atmospheres and its depolarisation deter- 
mined visually using sunlight. The value obtained is 0'04I in 
fairly good agreement with the value determined in an appa- 
ratus with unstrained window at atmospheric pressure, viz,, 
0 036. The discrepancy of 0‘005 may be due eitherjto a small 
strain in the window or to a minute quantity of dust floating 
in the gas. This, however, is negligible in comparison with 
the depolarisation values of the various Raman lines as even 
the vibration line which is the best polarised exhibits a depolari- 
sation about thirty times as large as this quantity. 

7. Rayleigh Scattering by Hydrogen. 

Experimental technique : — The apparatus described in the 
foregoing pages has the disadvantage that the parasitic light is 
not completely eliminated, though it may be diminished rela- 
tively to the genuine scattering, by covering up a portion of 

3 



1‘24 


S. BHAGAVANTAM 


the illuminated length of the tube. If we are interested in in- 
vestigating the intensity and polarisation characters of the 
Baylcigh scattering, it is very essential that the parasitic light 
should be reduced to an absolute minimum even at the cost of 
diminishing the intensity of scattering to some extent. In 
order to suit this part of the work, a special form of apparatus 
has been constructed, the details of which are given below. It 
is shown diagrammatically in Fig. 2. 




Fig. 2. 

Four strong steel tubes are screwed on to a rectangular 
steel chamber in which two holes are drilled at right angles to 
each other. They serve to connect the two pairs of opposite 
tubes making the apparatus resemble a hollow cross. Light 
enters through steel tube 1 and passes off into the opposite tube 
without striking any of the walls, and is absorbed by a suitab- 
ly placed black glass at the other end. The scattered light 
emerges out through the tube 2 and is taken into the spectro- 
graph. Opposite the observation tube is another inclined black 
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glass B so that any light that may get to the back by reflection 
at the walls is partly absorbed and partly reflected away 
from the slit of the spectograph. Tubes 1 and 2 are 
provided with glass windows inch thick for the entry and exit 
of the light. These are held between thick rubber washers 
to prevent leakage of gas. In the figure, the glass window 
is indicated by G, rubber washers by R and an iron washer 
by m. All these are contained in a metallic ring M, the 
purpose of which is partly to prevent spreading out of the 
rubber when squeezed, and are screwed on to the steel tube 
by a nut of suitable size. Two apertures Aj and Ag in the 
tube through which the incident light passes and one Ag in 
the observation tube serve the very useful purpose of prevent- 
ing the light from falling directly on the walls of the steel 
chamber thus giving rise to parasitic light. In addition to 
the above precautions, the inside of the apparatus is blackened 
by means of a non-glossy paint. The gas is admitted through 
a pin valve V after evacuating the whole apparatus and the 
pressure is read on a gauge attached to the pin-valve. 
Pressures up to 75 atmospheres could be used in this 
apparatus. 

It is obvious from figure 2 that the usual type of a long 
mercury arc is unsuitable in conjunction with this apparatus. 
A special mercury point lamp in which the arc strikes between 
a thick tungsten anode and a mercury surface serving as 
the cathode is used. A steady current of 2 amperes at a 
terminal voltage of about 11 to 12 volts is maintained by 
means of suitable resistances. Under these conditions, the 
length of the arc does not exceed about 1mm. and it runs 
continuously without any attention. A slightly higher current 
could also be sent (about 2^ amps.) if the anode is cooled 
by water slowly dripping on to it, resulting in a larger 
intensity. The light from this point source is focussed 
into the centre of the steel chamber shown in Fig. 2 by 
means of a lens. Such an arrangement, besides eliminating 
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the errors due to lack of transversality in the scattered beam, 
very effectively eliminates the parasitic light if sufficient care 
is taken to focus the beam in such a way that it does not 
strike the walls of the container vessel. 

Results : — Adopting the above arrangements, the ratio 
of intensities of the horizontal components of the Rayleigh 
scattering and the rotation line corresponding to 1 — >3 
transiton have been determined by the method of intensity 
marks. In Table VII, the relative intensities obtained 
are given after applying the necessary corrections described 
below. It is to be noted that the Rayleigh scattering (Q 
branch) is much stronger than the rotation line 1 — >3 (R 
branch). The latter is shown by an arrow in Fig. b of 
Plate X. 


Table VI J. 

Relaiirc inlensitics of Raylcujh and rolaiion lines. 


Horizontal compouenL I Horizonial component 

]lajleigh scattering. ' rotatjon line K : J — ^3 


2 a 1 rn 


8. Sources of Error and the Necessary Correelions. 

(a) Parasitic light : — This tends to intensify the Q 
branch of the Rayleigh scattering and when comparing only 
the horizontal components as in the above case, even minute 
traces of parasitic light become relatively appreciable on 
account of the extreme feebleness of scattering. The amount 
of parasitic light has therefore, to be determined and correct- 
ed for. This is done by evacuating the gas tube in situ 
and giving an equal exposure with the evacuated tube on 
the same plate on which the Rayleigh scattering is recorded 
(See ffg. a of plate X). The intensity thus obtained is then 
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subracted from the recorded Rayleigh scattering in order to 
arrive at the magnitude of the true Rayleigh scattering. 

( 6 ) Photo-elasticity of the glass windows. — The signi- 
dcance of this is already discussed in connection with the 
other apparatus. Separate tests have been carried out with 
the present cross apparatus in order to see if the observation 
window has developed any possible non-uniform strain. Table 
VIII contains the measurements of depolarisation for CO 2 
and at different pressures obtained visually by the Cornu 
method using sunlight. 


Table VIII. 

Depolarisation of the scattered lieht in CO 2 and Ha 


Gas 

Carbon dioxide 

Hydrogen 

Pressure in atmospheres. 

15 

10 

1 

70 

50 

Depolarisation 

0*094 

0*094 

0-033 

0-031 


The reading in the last column was taken without 
changing the pressure on the windows, that is immediately 
after photographing the Rayleigh scattering. Others were 
obtained on different occasions. The agreement between 
them and the values obtained for these gases with strain- 
free windows at atmospheric pressures, viz., 0'098 for CO 3 
and 0*032 for clearly shows that the window is in general 
quite free from any effect due to photo-elasticity. 

(c) Presence of dust. — If there is any dust floating in 
the gas, the light scattered by those particles tends to increase 
the depolarisation and will lead to serious errors when com- 
puting the relative intensity of the horizontal component of the 
Rayleigh scattering. In practice, it is found that if the 
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apparatus is allowed to rest for a period of about 3 to 4 hours 
after filling in the gas, all the floating particles settle down on 
the walls of the vessel and the illuminated part of the gas is 
quite free from dust. The above readings have been obtain- 
ed in this manner. In order, therefore, to eliminate this 
source of error, the exposure is begun only after allowing 
the apparatus to rest in its place, after making the adjustment, 
for a period of 20 to 24 hours. Under such conditions, the 
scattering is wholly molecular and no correction need be 
made under this head. 

(d) Presence of other gases as impurities . — It may be 
noted that the average value of depolarisation given for 
hydrozen, viz., 0*032 obtained with this apparatus by using 
sunlight and high pressure, although in agreement with the 
values obtained with the same sample of gas at atmospheric 
pressures, is a little higher than the actual depolarisation 
of scattering by pure hydrogen which is only 0*027. The 
discrepancy is presumably due to the fact that there is a 
certain percentage of impurity of oxygen. In order to test the 
purity of the gas, a few density determinations have been 
carried out, the average of the readings reduced to N.T.P. 
being 0*000120 gms. per c.c. The density of a sample having 
a 2^ impurity of oxygen works out as 0*000118 gms. per 
C.C. in close agreement with the experimental value. This 
amount of impurity is also just sufficient to account for the 
rise of depolarisation of hydrogen from 0*027 to 0*032. On 
the other hand, the same increase of depolarisation could as well 
have been accounted for by a much larger percentage impurity 
of nitrogen but the assumption would be totally inconsistent 
with the density determinations. Thus, the depolarisation 
measurements when supplemented with the density determi- 
nations definitely indicate that the impurity is about 2^ 
of oxygen, and an appropriate correction has to be applied 
for obtaining the true intensity of scattering from hydrogen 
as itself. 
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9. Discussion of the Results. 

A theory based on quantum mechanics for the intensity 
and polarisation phenomena in Raman scattering by diatomic 
molecules has been given by Manneback, and a comparison of 
its essential features with experimental facts is best made for 
the simplest molecule, viz., H'a . It will be seen in the follow- 
ing pages that most of the experimental results are in beauti- 
ful agreement with the theoretical predictions, thus affording 
for the first time a convincing proof of the essential correct, 
ness of the ideas underlying this notable work regarding the 
mechanism of the production of Raman radiations. There are, 
however, certain very significant differences whose implica- 
tions appear to have far-reaching consequences. A compre- 
hensive discussion will now be presented of the theory and its 
relation to the experimental facts already described. 

Rasetti has already shown that, in order to account satis- 
factorily for the observed rotation frequencies, we have to 
take the value of Rosa /i/Sn-s lo c to be 69'40±0‘03. Iq stands 
for the moment of inertia of the molecule in the normal state 
and assumes a value 0’466xlO“4o. Other letters have the 
usual significance . 

Polarisation of individual rotation lines . — Manneback 
deduced that every line arising from a rotational transition 
should be depolarised to the extent of 3/4 if plane polarised 
incident light is used and to the extent of 6/7 if unpolarised 
incident light is used. This result is independent of tempera- 
ture and is capable of exact verification. Results given in 
Table V are in complete agreement with this conclusion. 
Reference may also be made here to the results of the classi- 
cal theory in this respect. ® 


S. Bhagavantanji'Ind. Jour, Pbys., a, 331 (1931). 
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Relative intensities of the various rotation lines. — The 

relative intensities of the various rotation lines K— >K±2 can 
easily be obtained from the fomulae 


I 

K->K + 2 


oe S(2K + l)e 


-<rK(K + l) 


(K + l)(K + 2) 
(2K + 3)(2K+1) 


K->-K-2®' 


S(2K + l)/> + 


(K-l)fc 

(2K-1).(2K + 1) 


In the above expressions S=1 if K is even and S=3 if K is 
odd on account of the different a priori probabilities for the 
symmetrical and autisymmetrical states. o-=BochlkT where 
T is the absolute temperature and k the Boltzmann constant. 
The expressions do not include a small and very minor cor- 
rection due to the v* law for the intensity o? the scattered 
radiation. Taking Bo to be equal to 59*40 as explained above, 
the relative intensities calculated for the rotation lines at a 
temperature of SO^O are given in Table IX along with the 
observed values.* 


Table IX. 


Relative intensities of rotation lines. 


Transition 

P series. 

Transition 

B series 

1 

Calculated 

Observed 

Calculated 

Observed 

2-->0 

0*124 

0*13 

0—^2 

1 

0'666 ' 

0-67 

8 ■ 

0*124 

013 

l->8 

2*058 

2*0 

4— >2 


— 

2— >4 

GO 

CO 

o 

0*30 


! 


8 — ^6 I 

1 0-229 

0*21 




4— >6 

0*0098 

— 


* Manneback has also carried oat the namerical computationB for a temperature of 
**14*C. This has been given aa WC owing to misprint in his paper. The room tempera- 
ture in India ia about 80*^0 and hanoe the oaloulations are repeated here. 
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It will be noted from the Table that the agreement is very 
satisfactory. The relatively low intensity of the lines in the 
P series in comparison with the Bi series is a special feature 
of the quantum theory which is confirmed by experiment. 
Since it arises from the presence of Boltzmann factor in the 
expression for the intensity, it may be referred to as a “ tem- 
perature dissymmetry ” of the rotational Raman spectrum, 
and is specially prominent in the case of hydrogen owing to 
the low moment of inertia of the molecule. The calculations 
clearly show that the intensity rapidly falls off with increasing 
quantum numbers, and in order to photograph either the 
4i — >2 or the 4 — >6 line, one would have had to expose the 
picture for about 20 times the normal period. The non- 
appearance of these lines in the photographs obtained by 
Rasetti in the ultra-violet and by the present writer in the 
visible region of the spectrum is thus fully explained. 

Relative intensities of the fine structure components of the 
vibration line. — These components are closely spaced lines 
arising from the fact that the vibrating molecules have slightly 
different frequencies if they belong to different rotational 
states. Three of these components are shown by arrow marks 
in the vibration line excited by X 3650 (see microphotometric 
record in Plate X). According to the theory developed by 
Manneback, the intensity of a vibration line is a function of 
two quantities, viz.,- the variations caused of the polarisabi- 
lity and optical anisotropy of the molecule by a change in the 
nuclear distance, and is sensibly independent of the rotational 
state of the molecule, so long as its rotational energy is un- 
altered in the transition. Thus, the relative intensities of the 
lines specified by the quantum transitions n :0 — and 
K ;0 — >0, 1 — ^1, 2 — >2 and 3 — ^3 respectively may be taken 
as proportional to the relative populations of the molecules 
in the 0, 1, 2, and 3 rotational states. The relative number of 

-<rK(K + l) 

NK=S(2K + l)e 
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molecules in each state is easily calculated by the relation 
where S as before is equal to 1 if K is even and 3 if K is odd. 
Other letters have the usual significance. The calculated results 
are compared with the observed intensities in Table X. 

Table X. 


Relative intensities of the fine structure components. 


Transition n : 0 — 

K : 0 ■ ^0 

1— >1 

2— >2 

8— >8 

Calculated 

I’OO 

513 1 

0*93 

072 

Observed 

not resolved 

6 

0*8 

0*8 


This method of calculation is however only approximate 
and in the rigorous theory developed by Manneback, slight 
deviations from the above proportionality to the thermal 
distribution are to be expected. This consequence is intimate- 
ly connected with another interesting result, implied in 
Manneback’s theory of the fine structure components, accord- 
ing to which we should expect the first component, viz., 
n : 0 — >1 ; K : 0 — >0 to he perfectly polarised while the higher 
ones corresponding to K : 1 — >1, 2 — >2, 3 — >3, etc., exhibit 
gradually increasing depolarisation values. These points are 
under investigation by the author using suitable dispersion and 
the results will be dealt with in a later communication. 

Relative intensity of the Q and R branches. — The Eayleigh 
or undisplaced line in the spectrum may be designated as a Q 
branch, accompanying which are the rotational lines K — >X4‘2 
and K — >K--2 forming the R and P branches respect- 
ively. Manneback’s theory gives a relation connecting the 
intensity of the three branches for the case of a diatomic 
molecule which is most elegantly expressed by saying that 
the intensity of the Q branch, considering the horizontal or 
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PLATE X 



Fine structure components 


of the vibration line in H:. 
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Wide slit spectrogram of the horizontal component in the scattering by H; 
comparison of Q and R branches. 
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weaker component only, is 1/3 the aggregate intensity of the 
horizontal components of all the lines in the P and R branch- 
es. In the case of hydrogen, however, we are concerned with 
the intensity of the individual lines in the P and R branches 
which are accessible to direct observation. We may choose 
the most intense of these lines, viz,, the one in the E. branch 
corresponding to the transition 1 — ^3 and compare it with the 
Q branch. The latter arises from molecules distributed according 
to the Boltzmann law over a range of rotational states designated 
by the quantum numbers 0, 1, 2, etc., and represents the compo- 
site or superposed effect of all such molecules. The intensities 
of these two lines are proportional to the expressions given 
below. The horizontal and the vertical components are given 
separately, /x is the average polarisability of the molecule and 
y is the optical anisotropy defined as the difference between 
the two principal polarisabilities. The expressions are valid 
only if incident plane polarised light is used. 



Q branch (aggregate) 

R branch line K : 1—^3 

yertical component 


12/26 

K = 0 

Horizontal component 


9/26 

K=0 


In the case of unpolarised light, each of the vertical 
components will be increased by an amount equal to the 
corresponding horizontal component and the horizontal 
components themselves will be doubled. It is easily seen 
from the expressions that if we are interested in comparing 
the horizontal components amongst themselves, y the 
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optical anisotropy of the molecule is automatically eliminated 
and the comparison becomes very simple. The situation 
regarding the Q branch of the vibration scattering is, 
however, somewhat different, as the various vibration 
lines coining from molecules possessing different rotational 
energies are separated from one another (see microphoto- 
metric record in Plate X) and we are no longer justified in 
talking about the superposed intensity of the Q branch. 
We shall concern ourselves with the most intense line having 
the quantum designation n : 0 — ►! •, K : 1 — >1 represented by 
the highest peak in the microphotometric record referred to 
above and by the letter Q in figs, a and h of Plate IX and 
compare its intensity with the vibration*rotation line n ; 
0 — ^1 ; K : 1 — >3 marked by R in the same photographs. 
According to Manneback’s theory, their respective intensities 
are proportional to the following expressions: — 


TranHition 

1 

j n : 0— >1 ; K : 1— >1 

N : 0— >1 ; K ; 1— >3 

ycrtical corapoDent j 

3EV2+8/226y'2)e 

4/26E*7'*e“^'^ 

Horiisontal component j 

' 2/46E®y'«e“^‘" 

8 26E* 


As before the vertical and horizontal components are 
given separately and the expressions are valid only for 
plane polarised incident light. In the case of unpolarised 
light, each vertical component should be increased by an 
amount equal to the corresponding horizontal component and 
the horizontal components themselves should be doubled. 
Instead of p and y we now have p' and y which are related to 
p and y in the following way : — 

(d/i'/dR.) 

•y'=®v'pE„ (dy/dR,) 
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where Bo is the nuclear distance of the molecule in the equi> 
librium position. While comparing the horizontal components 
alone, y is eliminated as before and the ratio comes out in 
terms of simple numbers as 10 : 27. On the other hand, a 
comparison of the two lines in the total scattering involves a 
knowledge of fi which appears only in the expression for the 
vertical component of the Q branch. The total value of this 
term in relation to the horizontal component may, however, 
be evaluated from a knowledge of the state of polarisation of 
the Q branch (see Table V). In this way, their relative 
intensities in the total scattering are calculated and given 
along with the observed values in Table XL It will be 
noticed that there is a striking disagreement between the 
observed and calculated results in both cases. 


Table XI. 

Relative intensities of the Q branch and the R branch 
rotation line K : 1 — >3. 



Q branch 
observed. 

B branch. 

K:l— >3 
observed. 

K ; 1 8 1 

Calculated 
according to 
Manneback. 

K;l— > 
Calculated accord- 
ing to spinning 
photon theory. 

Bajleigb scatter- 
ing horizontal 
component. 

i ! 

2*8 

1*0 

3-61 

1*32 

Vibration scatter- 
ing horizontal 
component. 

1-28 

0*8 

332 

071 

Vibration scatter- 
ing total. 

5-0 

0-8 

i 

4-01 

1 

0-86 
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Theory of the spinning pfeofow.— Attention must be 
drawn here to the significant fact that while the theory 
developed by Manneback accounts very satisfactorily for the 
relative intensities of the various rotation lines constituting 
the P and R branches, it presents a sharp conflict with the 
experimental results when we compare any of these lines 
with the intensity of the Q branch itself. This suggests that 
something fundamental to the calculations has been omitted 
in computing the intensities of all the rotation lines. The 
necessary modifications of the theory have already been 
indicated in a preliminary communication " and are based on 
the view that the possession of an angular momentum ±,hl 2ir 
by the light quantum has not adequately been taken account 
of in the theory of scattering by diatomic molecules. The 
following essential ideas underlying the modified theory will 
make clear the procedure adopted in obtaining the new 
results. 

If we regard radiation, impinging on a rotating 
molecule, as a particle possessing an intrinsic spin 
±h/27r and the result of such an encounter as obeying the 
law of conservation of angular momentum, the sense of spin 
which the molecule possesses in relation to that of the photon 
should obviously enter into the problem in a fundamental 
way. In the existing theories of radiation, on the other 
hand, the sense of spin of a linearly polarised photon is con* 
ceived of as indeterminate and in any encounter, the photon 
has an equal chance of increasing or diminishing the rotational 
energy of the molecule : the sense of rotation of the molecule 
is of no consequence. In the theory of spinning photons, if 
we consider the various possibilities of the relative orientations 
of the molecule spin* and the photon spin, it will be easily 


9 C. V. Baman and S. Bhagavantam, Ind. Jour. Fhys., 6 , 858 (1931). 

* In tha case of hydrogen moleoules belonging to the zero quantum state, a possession 
of zero point angular momentum may be assumed. 
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seen that in half the number of possible encounters, the ex- 
change of rotational energy is forbidden while in the other 
half it is allowed. It is further assumed that if an encounter 
is one in which the exchange of rotational energy is forbidden, 
then the light quantum is scattered as such without any 
change in its frequency and only adds to the intensity of the 
incoherent part of the Eayleigh scattering. 

In accordance with the foregoing views, we must transfer 
half the intensity of each one of the individual lines of the 
P and E branches to the composite Q branch in the Kayleigh 
scattering or to the corresponding fine structure component 
of the Q branch in the case of vibrational scattering. The 
figures in the last column of Table XI are calculated in this 
manner and exhibit satisfactory agreement with the experi- 
mental results. It will be noted that the two theories lead 
to very different results *, in one case the E branch line is 
expected to be much stronger than the Q branch whereas in 
the other the situation is just the reverse, for the horizontal 
components. The fact that the Q branch is really stronger 
than the rotation line may be directly verified from the photo- 
graph reproduced in Fig. b of plate IX and its microphoto- 
metric record in plate VIII for the vibration scattering and 
Fig.b of plate X for the Kayleigh scattering. 

In conclusion, the author desires to express his grateful 
thanks to Prof. Sir C. V. Eaman for his kind criticism and 
helpful guidance. 



138 


S. BHAGAVANTAM 


Table XII. 

Raman spectrum of hydrogen. 



Approximate 

1 Relative intensity 


Quantum transition. 

Wave-length • 

1 (Horizontal 
components). 

- . - — 

Exciting Line. 

K 

n 

4105-4 

1 

8 

1 

4046 

0— >2 


4137-6 


4077 

0— >2 


4146*0 

10 

4046 

1—^3 


4177-9 

i§ 

4077 

1’— ^3 


4184-3 

2 

4046 

2 — ^4 


4217*7 

i 

4077 

2— >4 


4238-4 

2 

4046 

3 ^5 


4249-6 

2 

4358 

3->l 


4292-2 

2 1 


2-->0 


4297-7 

i 

3660 

3 — ^3 

0— >1 

4300-6 

i 

9i 

2->2 

0->i 

4603-1 Q 

2i 

9t 

1->1 

0 "^1 

4300-3 

1 

3664 

1— >1 

0— >1 

4321-1 

1 

8668 

1-->1 

0->l 

4409-1 B 

1 

3660 

1^3 

0->i 

4416-6 

i 

3664 

l->3 

0->l 



4347 

0— >2 


4426-8 

3 

1 4368 

O' ■ ' V2 


4468-1 

i 

4839 

1— >3 1 


4462-0 

1 

4847 

!■ ^8 


4472-9 

10 

4368 

1— >8 


4618-9 

2 

*» 

2->4 


4664-4 

2 

*» 

8—^6 
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Light-Scattering in relation to Molecular Structure : 
New Data for Depolarisaion in 39 Gases 

By 
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Abstract, 

The paper deeoribes the determinations of light-scattering for 89 gases 
made visually using sunlight. Argon shours a definite depolarisation of 
0*56% . The upper limit for the depolarisation in helium given by Lord 
Bayleigh as 6*6% has been lowered to 3% . SiF^ and SiCl4 give the de- 
polarisations of 3*11% and 1*64% respectively. Comparing these with the 
values 1*14% for CH^ and 0*62% for CCI4, it would seem that for the 
molecules of the RX4 type, with increasing size of the X atoms, the aniso- 
tropy decreases, and with increasing size of the B atoms, the anisotropy 
increases. Polar groups have marked influence ; the positive groups, OH 
and NHg, entering into a hydrocarbon, seem to lower the depolarisation, 
while the negative radical Cl enhances it. Ethane, ethylene and acetylene 
show progressive increase of anisotropy, as we should expect from the theory 
of Bamanathan, with diminishing nuclear distance between the carbon 
atoms. In the series CH4, CH3CI, CH2CI2, CHCI3 and CCI4, there is a 
regular increase of depolarisation followed by a diminution, the maximum 
being shown by CH^Cls with the lowest value for CCI4. In the series 
HCl, HBr and HI, the depolarisation increases, being 0*71, 0*84 and 1*27 
respectively for the above three gases- The depolarisation for the polar 
oompoond COS is less than that either for COg or CSg. For CO, we have 
only 1*80, and for NO only 2*68, both very small in comparison with 9*72 
for COg and 12*47 for NgO. 

5 
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1. Introduction, 

It is a matter of common knowledge that the light 
scattered by gaseous molecules in a direction perpendicular to 
the incident beam is always imperfectly polarised. The late 
Lord Eayleigh’ and Born* attribute this essentially to the opti* 
cal anisotropy of the molecules, the polarisation induced in 
the molecule being dependent on its orientation with respect 
to the electric vector in the incident beam. Eollowingup 
the suggestion of Sir C. V. Raman* that this anisotropy, as 
revealed by the depolarisation, is due mostly to the mutual 
action of the doublets induced in the various atoms of a 
molecule by the incident beam, Ramanathan* has worked out 
the connection between the optical anisotropy and the struc- 
ture of the molecules. It is difficult, however, to understand 
why spherical atoms like those of argon, or tetrahedral mole- 
cules like those of methane and carbon tetrachloride should 
exhibit an optical anisotropy as indicated by the depolarisation 
of scattered light. It was with a view to examining the data 
more closely, and if possible, to find an explanation for the 
observed anisotropy that the present work was undertaken. 
Incidentally, some gases and vapours which are quite simple 
and, therefore, very interesting from the point of light-scatter- 
ing have also been investigated. Many inorganic gases, not 
hitherto examined, are also included. 

2. Experimental Arrangements. 

Sunlight was focussed by a lens into the cross-tube con- 
taining the gas for observation. The cross-tube used was of 
metal, about 2^" in diameter with a thin coating of black 
enamel inside. Suitable diaphragms placed inside it served to 

* Phil. Mag., Vol. 86, p. 873 (1918) ; Scientific Papere, Vol. VI. 

* Born ‘ Verb. Deutscb. Phye. GeeoU,’ Vol. 80, p. Ifl (1918). 

» Nature, Vol. 114, p. 49, a924). 

‘ Proo. Roy. Soc., A, 107, 684 (1926) and A 110, p. 128 (1926). 
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cut off extraneous light other than the incident beam. Three 
of the four arms were about 10" in length, with the fourth, 
opposite the observation arm, much longer and ending coni- 
cally as in the previous investigations of Baman and Bao,” 
and I. R. Rao,* so as to give a perfectly black background. 
Thick glass plates were attached to the ends of the arm with 
sealing wax, and the two tubes for entrance and exit of the 
gas were fitted with stop-cooks. The whole apparatus was 
made quite leak-tight. For some observations, a pear-shaped 
glass bulb like the one used by Rao, put inside a cross with 
diaphragms, was used. Since the cross with such stuck-on 
glass plates will not stand much pressure, all the observations 
were carried out at a pressure of one atmosphere. It is an 
undoubted fact that, wherever possible, visual observations 
are much superior to photographic methods enabling one to 
detect cloud formation or dust particles, two very serious 
sources of error in such work which would affect the results 
considerably. 

The difficulty of observing scattered light of feeble inten- 
sity is overcome by using sunlight as the incident radiation 
and having the observer’s eye in a sensitive state after resting 
for an hour or so in complete darkness. A large wooden cabin 
with fan and ventilators, admitting no light inside, was found 
to be suitable for this purpose as the observation chamber. A 
hole in one side admits the one arm of the cross, against which 
is placed a double image prism and a nicol carrying a gradu- 
ated scale. The ratio of the intensities of the weak to the 
strong component gives the depolarisation factor r. 

3. 'Adjustments. 

There are some important adjustments which must be 
looked into to get the most accurate results. 

( Phil. Tram., «, p. 488, ^928.) 

• lad. Jonr. Pb]ri., 8 , p. 67, 4997-28.) 



142 


S. PARTHASARATSy 


1. The most important of these is the exact normality of 
the observation to the incident beam. This is secured by 
setting the arms of the cross at right angles to each other and 
putting suitable diaphragms inside, so that all extraneous light 
is carefully excluded. Even within the observation tube, such 
apertures are placed when the illumination of the inside 
chamber is avoided. 

2. The background should be perfectly dark. Otherwise, 
even though the two images of the track are against the same 
background, it would seem impossible to get below certain 
values without serious error. For substances with low depolar- 
isation, such measurements will be wholly untrustworthy. To 
secure perfectly dark background, a conical-shaped bottle with 
its neck broken off is fixed to the usually longer arm of the 
cross, and then a black glass plate fixed to it at an angle. The 
whole cross is also painted black inside. 

3. The track of light must be exactly horizontal. This 
is secured by setting the cross horizontal with a spirit level. 

4. The observation should be made exactly at the focus. 
A little way either side, the beam being either convergent or 
divergent, will give depolarisation not at exact normality, but 
at an angle greater or less than 90°, which of course gives 
greater depolarisation.^ For this, sunlight focussed by a lens 
of 12" focal length and 3" in diameter gave good and con- 
cordant results. 

5. In using the double image prism, it is found to be of 
advantage to have the images one above the other and near 
enough, rather than either side by side or too far apart. 
Comparison is better made only when they are near together 
but separated. It is also essential that the two images should 
be exactly one above the other ; that is, the principal directions 
of vibration in the double image prism should be exactly 
vertical and horizontal. To secure the vertical position, a 


' A. 8. Oraeeaot Phyi. Rev., t$, 68 (19S4). 
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distant plumb line is viewed through the double image prism, 
rotating it on its own axis when for the correct position the 
two images fall exactly one over the other. 

4. Preparation of Gases. 

Of utmost importance in the scattering experiment, is 
the fact that the gases and vapours should be quite free from 
dust particles. This is secured by passing the gases through 
tubes packed tightly with cotton wool and then into the cross, 
very slowly. Otherwise, the values are liable to serious errors, 
often increasing the depolarisation values. 

Absolute freedom from moisture is no less important. A 
trace of it in many gases, produces clouds, the two images as 
seen through the double image prism being of differrent 
colours ; scattering from such clouds, therefore, can be dis- 
tinguished from pure molecular scattering. In such cases, 
the depolarisation factor decreases. 

In many cases, it was found necessary to cut off all 
the active rays to prevent the chemical action of light, by 
suitable filters. A solution of quinine sulphate was effective 
in many cases, but in the case of sulphur dioxide, none was 
suitable. A black paper covered completely that end of the 
cross through which light was admitted and removed only 
momentarily at the time of observation while all the time a 
slow flow of the gas was kept up. Only a few observations 
could be made which were consistent. With hydrogen bro- 
mide and hydrogen idoide both the filter and the paper were 
used. 

Perfectly dry gases, tried in this experiment, were not 
found to act on the enamel inside. In one or two cases it 
was found necessary to heat the cross so that the vapour 
might not condense on the sides. 

Oxygen, carbon dioxide, ammonia, hydrogen, acetylene, 
chlorine, were taken from commercial cylinders. 
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Siooe the refractivity of hydrogen is very much less than 
that of oxygen, and since it was feared that it might be con- 
taminated with that, a second observation was made of the 
gas obtained by passing it through a solution of potassium 
pyrogallate, as recommended by Hempel, and then drying it. 

Methane was supplied in a cylinder by the Lightfoot 
Refrigeration Go. Ltd., and the purity was stated to be 
97’19|f methane, CO,-0'67^ and nitrogen 2'14^ . Necessary 
corrections were made for the impurities knowing their de- 
polarisation factors. Also, for a second time, the gas was 
prepared by heating a mixture of very pure sodium acetate 
(1 part) and barium oxide (4 parts) and purifying it by passing 
through caustic soda and strong sulphuric acid. The values 
agree well. 

Ethylene, propane, butane and isobutane, and methyl 
chloride of nearly 100^ purity, helium of 96^ and ethane 
about 90 were supplied by the Ohio Chemical Manufacturing 
Go. The Raman spectrum of ethane taken by Bhagavan- 
tam shows very small impurities of either butane or propane 
which, however, will not affect the result to any considerable 
extent, since they themselves have got low depolarisation 
factors. 

Argon was supplied by the Lightfoot Refrigeration Co. 
Ltd., with a purity of 97^, the impurities being nitrogen 
1‘7^ and oxygen . No attempt, however, was made at 
further purification since it was feared that more impurities 
might be added in the course. The value as obtained was 
corrected for both the impurities. 

In the case of low boiling liquids, which are gaseous or 
have high vapour pressure at the room temperature (28®C), 
it was found sufficient to evacuate the cross and other tubes 
up to the liquid and then slowly allow the liquid to evaporate 
into the cross. Eahlbaum’s or Merck’s purest chemicals 
only were used. Such chemicals were methylamine and 
ethylamine, formaldehyde and acetaldehyde, methyl ether 
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and ethyl ether, acetone, allyl alcohol, methylene chloride, 
chloroform and carbont etrachloride. Silicon tetrachloride 
also gave sufficient vapour for examination. 

Only the purest chemicals were used in the following 
preparation of gases. Such methods were chosen as would 
give very pure gas unmixed with others. 

Hydrogen sulphide . — This was obtained from good quali- 
ty pyrites and HjSO*, the gas b^ng subsequently passed 
through strong HjSOi. 

Hydrochloric acid gas was prepared from sodium chlo- 
ride and strong H2SO4. It was dried by passage through 
H2SO4 and PjOj. 

Hydrohromic acid gas was easily obtained by dropping 
aqueous solution of the acid on to P2OS in a flask and subse- 
quently drying it over P2O6. 

Hydriodic acid gas was obtained by dropping red phos- 
phorus with water as vehicle, on to iodine and water con- 
tained in a flask. It was passed through red phosphorus 
and P2O5. 

Nitric oxide . — Sulphuric acid dropped slowly over excess 
of potassium nitrite in water, produced the gas copiously. 
An alternative method of preparing the pure gas by the 
action of a strong solution of SO2 on air-free dilute nitric 
acid was also tried. The gas was purified by passing it 
through tubes containing strong potash solution, solid potash, 
strong H28O4 and P2OB. The values obtained for the gas 
prepared in the two ways agree well. 

Carbon-monoxide . — Formic acid dropped in small quan- 
tities on to concentrated n]S04 contained in a flask ga^e 
very pure CO. 

Silicon tetrafiuoride . — ^Thoroughly purified sand in excess 
mixed with sodium fluoride was heated in a flask to remove 
even the smallest trace of air or moisture. Strong H2SO4 
was dropped through a funnel and the mixture was heated. 
The apparatus was thoroughly washed with the gas four times, 
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and the g^as examined was of the fifth filling. It was found 
that there was no cloud formation or decomposition. The 
scattered light was of the usual blue colour. 

The gas was allowed to remain in the cross and again 
examined after 24 hours setting, when it gave identical values. 
No decomposition had set in even after a day. 

Carbonyl sulphide . — Ammonium thiocyanate solution 
was dropped on to sulphuric acid (1 water to 4 of acid) in a 
fiask, and the gas was passed through 20 c.c. of sodium 
hydroxide to absorb 2‘5% COj evolved. It was dried by 
passage through strong H2SO4 and PsOg. 

In all the above cases, the apparatus from the cross to 
the fiask containing the chemicals for the production of the 
gas, was made leak-tight and completely exhausted before 
the evolution of the gas, thus securing the maximum purity 
for the gas. 

6 . Results. 

In the following table are set forth the depolarisation 
factors (the ratio of intensity of the weak to the strong com- 
ponent) for the various molecules with their corresponding 
optical anisotropy calculated from Kamanathan's ^ formula. 
It will be seen that those of Eamkrishna Eao " are in good 
agreement with those of the author, in some cases within the 
limits of personal error. For argon, the depolarisation after 
correction for nitrogen and oxygen agrees with that of 
Cabannes and Oranier ; Rayleigh’s value is much less. It 
would seem necessary to correct anew Rayleigh’s value, since 
he assumed the depolarisation for nitrogen as 4*06j^ , whereas 
it is only 3‘66^ . The corrected value will give now 0‘49jg' . 

The value given by Lord Rayleigh for the depolarisation 
of light scattered transversely by helium was not anything 
definite^ but he gave an upper limit as 6’6J^ . Owing to the 

» Ind. Jonr. Phpi., 1, p. 4ao (1997). 

* lad. Jour. Pbyt., 9, p. 61 (1927). 
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low refraotiyity its scattering power is rather small and, there- 
fore, observation is difficult. Here also only an upper limit 
is given, below which it was found impossible to go ; but it 
has been considerably reduced toSX • 

Table I 





Ethane 

... ••• 

C,Hb 

1*30 

Propane 


CjH, 

1*51 

Butane 

... 

C 4 H 10 

1*51 

laobutane 


CiHio 

1*03 

Ethylene 


C^4 

2‘92 

Acetylene 


CjH| 

4‘62 

Methyl chloride ... 


CH 3 CI 

2*04 

Methylene chloride 

... 

CH 9 CI 3 

2*93 

♦Chloroform 


CHClj 

1-78 

Carbon tetrachloride 

... ... 

OOI 4 

0*62 

Methylamine 


CHsNHi 

0*77 

Ethylamine 

... ... 

CgHgNHa 

0*97 

Formaldehyde ... 


H*CHO i 

1*88 

Acetaldehyde ... 


0H3*CH0 ] 

2*68 

Methyl ether 


CSyO-’CJSs 

1*56 

Ethyl ether 


CaHi'O-CgHi 

2*61 

Acetone 

... ... 

CH3*C00H3 

1*6 2 

Allyl alcohol 


CHi:OH*CH|i 
OH 1 

2 40 


11*0 

12*8 

12-8 

8*7 

25*2 

39*8 

17*4 

25*3 

16*1 

5*2 

0*5 

8*2 

16*0 

231 

13*2 

21*6 

18*7 

20*6 
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Table 1~ continued. 


SubBtaDce. 

Chemical 

Formula. 

rxlO* 

SxIQS 

calculated. 

Inorganic gases, 

Air 


4*15 

36*3 

Oxygeo 

Oj 

6*50 

58*6 

Nitrogen 


8*66 

80*9 

Hydrogen (from cylinder and corrected) 

H, 

2-71 

... 

Pure gai ... 

••• 

2*67 

22-2 

Ohlorine 

Gla 

407 

36*6 

Carbon dioxide 

CO2 

9*72 

91*2 

Nitroua oxide ... 

NjO 

12-47 

122*0 

Hydrchloric acid gaB 

HCl 

0*71 

6*0 

^ Hydrobromio acid gaa 

HBr 

0*84 

7*1 

♦ Hydriodic acid gas 

HI 

1*27 

10*7 

Nitric oxide (gas by both methods) ... 

NO 

2*68 

23*1 

Carbon monoxide 

CO 

1*30 

11*0 

Ammonia 

NH3 

0-98 

8*8 

Hydrogen sulphide 

HsS 

0*93 

7*8 

♦ Sulphur dioxide 

SO3 

8*11 

26*9 

• Carbonyl sulphide 

COS 

8*77 

81*4 

Silicon tetrachloride 

SiCli 

1*64 

18*9 

Silicon tetrafluoride 

SiFi 

8*11 

26*9 

Argon (unoorrected value) 

A 

0*71 1 

... 

(Corrected value) ... 

... 

0*66 

4-7 

1 

Helium 

He 

<3*0 

... 


* Filten, eiibei quinine sulphate or black paper to cut off ooinpletelT the incident 
bcMB when obeecTation was not madei or botbi were used in all these oases. 
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6. Anisotropy of Gaseous Molecules. 

From a treatment of the scattering of light on the electro- 
magnetic theory, Biamanathan derived 

where r is the depolarisation of the scattered light 
Bi the gas constant 
T the absolute temperature 
P the compressibility 
n the number of molecules per c.c. 

N gram molecule, and 

jx the refractive index 

for a molecule in a fluid state. The anisotropy S contains only 
A, B, G, the optical moments induced in the molecule in a 
field of unit intensity along its 3 principal axes respectively and 
is given by 


A» + B2 + ca-AB-BC-CA 
« (A + B + O* 

so that for an isotropic molecule or atom for which A=B=:C, 
8=0 And consequently r vanishes. In other words, the light 
scattered transversely by such molecules and atoms is com- 
pletely polarised. 

The above formula was later on modified by BAmanathan ” 
from considerations of the fluctuations of dielectric constant in 
the fluid state to 


r 


68 

N 
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In all the above cases studied, the temperature was 28° 0 
and far above the boiling points of most of the compounds, 
the pressure being one atmosphere or less. For a gas, suffici* 
ently rare to obey Boyle’s law, the above formula can be 
reduced to a first approximation to 

5 + 7S 


since for the above conditions 

RTi3n 

N 

The anisotropy factors given in the above table are calculated 
using this formula. The correction, however, is very small. 

7. Discussion. 

While in the main, supporting Bamakrishna Eao’s con* 
elusions, some new light is thrown on the effect of different 
radicals. Polar groups seem to affect the values greatly. Very 
interesting results are also got from a study of the symmetri- 
cal tetrahedral molecules. 

1. In the series, methane, ethane, propane and butane, 
the optical anisotropy increases from the lowest member up to 
propane even though differing by little, and then remains the 
same for the next member also. In comparison to the length 
of the chain, the anisotropy is small. This suggests that the 
length of the chain, perhaps, does not count after a certain 
stage. From vapours done by I. B. Bao, it is evident that 
even for octane, the depolarisation is only 1'66^ . The four 
valencies of the carbon being distributed in space, the molecule 
more or less assumes a nearly isotropic structure. 

2. Substitution of — OHj in the middle of the hydrocar- 
bon instead of at the ends decreases the anisotropy. Propane 
and butane have the same depolarisation^ viz.i 1*61^ while 
isobutane which has got a more symmetrical structure has 
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only 1*03. Rao’s work on vapours also clearly shows this 
markedly. The following figures are taken from his paper. 


Table II 


Substance. i 

1 

- 1 

rxlO* 

i 

* xios 

Substance. 

I 

rxlO* 

8xl0> 

Propyl alcohol 

119 

10*6 

Pro^l bromide 

2-03 ' 

17-3 

Butyl n 

1-62 

13*8 

Butyl o 

... 

... 

iBobuty 1 , , 

0-77 

] 

6-9 

Isobutyi , . 

1*68 

18*0 

Amyl 

120 

101 




Isoamyl 

1-03 

8*3 





It is assumed in all these oases, therefore, that the molecules 
become more and more isotropic due to substitution in the 
middle, whether it be — CHj, Br or — OH as exemplified in 
the above cases. 

3. With increasing unsaturation, the optical anisotropy 
increases. Ethane, ethylene and acetylene afford an interesting 
series as an example. This is what is to be expected from 
Ramanathan’s theory,** 

In all the above three compounds, it is chiefly the distance 
between the two carbon atoms that counts, for with the in- 
creasing strength of binding, the distance between the atoms 
must presumably diminish. The distance C — C between car- 
bons in ethane may be taken to be the same as in diamond 
which is known from X-ray analysis to be l*54i A.U. The 
distance C«>C in ethylene may be safely assumed to be less 
than the value 1*42 A.U., which is the distance between the 
carbon atoms in graphite. 1*35 A. U. is probably a good esti- 
mate. Hedfeld and Mecke ** have recently examined the band 
spectrum of acetylene and from the rotational structure^ they 

U Pioo. Boy. Soc., A, lOT, 664 (1936). 

u Znt. t Pbyo.. M, p. 161 (1080). 
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arrived at 1*19 A. U. for the distance C = C between the carbon 
atoms in this gas. In his theory, Bamanathan arrives at the 
depolarisation factor as a function of d through the mutual 
influence of the induced doublets in the atoms, and it can be 
easily seen from his argument that when r increases, the 
distance d between the atoms decreases. 

Now arranging the three cases in order with depolarisation 
and interatomic distances between the carbon atoms, one finds 
general agreement with his theory. 


Table III 


Substance. 



din A.U. 

Ethane 

HaO^CHa 

1-30 

1-54 

Ethylene | 

HjC^CHs 

2-92 

1'36 

Acetylene 

f 

EC = CH 

4-62 

119 


Even the presence of a double bond in the molecule 
enhances the optical anisotropy, as evidenced in formaldehyde 
acetaldehyde, acetone and allyl alcohol. 

4. The effect of gradual substitution of chlorine in 
methane is very interesting to note. The optical anisotropy 
increases up to methylene chloride and then comes down to 
even below the methyl chloride value for chloroform. It is 
interesting, however, to note that the direction of electric 
moment is different in the two cases, with respect to the axis 
of maximum polarisability , in methyl chloride being coincident 
while in chloroform they are at very nearly right angles. 
Whether this fact has anything to do with the lowering of the 
optical anisotropy, we shall have occasion later on to refer. 
For carbon tetrachloride again, the depolarisation factor 
reaches the minimum. This is very easily accounted for on the 
supposition that the molecule of GCI 4 is very nearly tetrahedral 
in form and therefore nearly isotropic optically. 
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5 . With a highly refractive oxygen, the case of methyl 
ether presents an anomaly; its anisotropy is comparable to that 
of propane when it should have been much greater than that 
of the corresponding hydrocarbon. Ether is polar but has a 
negative Kerr constant. Elsewhere, in this section it is shown 
how low anisotropy and negative Kerr constant values for 
polar molecules go together. As examples, we can cite the 
cases of sulphur-dioxide, chloroform, amines and alcohols. It 
is perhaps due to this fact that the anisotropy of methyl ether 
is not greater. 

6. An interesting departure is noted in methylamine and 
ethylamine. The optical anisotropy is considerably lower than 
that for the corresponding hydrocarbons. So far, we have met 
with cases where, either due to substitution or introduction of 
double bond the anisotropy increase?. But, here there is a 
definite departure from the general effect of substitution. 

On looking into Eao’s tables, it is found that in the 
alcohol series also, with the exception of methyl alcohol, the 
anisotropy of the alcohol is much less than that for the corres- 
ponding hydrocarbon. The following figures for alcohols 
taken from Eao’s paper clearly show it. 


Table IV 


Hydrocarbon. 

rxlO* 

i 

8x10* 

Corresponding 

alcohol, 

rxlO* 

8x10* 

Methane 

1*14 

9*6 

Methyl alcohol 

1*64 

14*3 

Ethane 

1-30 

11*0 

Ethyl „ 

0-88 

7*7 

Propane 

1*51 

12‘8 

Propyl „ 

ri9 

10-5 

Isobutane 

1*03 

8*7 

Isobutyl ,, 

0-77 

6*9 

Pentane 

1*28 1 

11*5 

Amyl „ 

1-20 

10*1 
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It is well-known that polar molecules possessing in 
general an OH or NH, group have negatiye or very small 
positiYe Kerr constants. In all such oases, the direction of 
the permanent electric moment is found to be at right angles 
or nearly so to the axis of maximum polarisability. The con- 
verse of the above, namely, these two being at right angles 
does not necessarily indicate negative Kerr constant values 
for the molecules. This fact shows clearly that OH and NH, 
groups which are responsible for the negative Kerr constants 
are also responsible for decreasing the optical anisotropy of 
the molecules. That the permanent moment directed at 
whatever angle to the axis of maximum polarisability affects 
the anisotropy has been made clear from experiments on light- 
scattering on various dipole gases. Strangely enough, negative 
Kerr constant values and low anisotropy seem to go together. 
But how the two mutually affect is at present difficult to 
understand. 

Hence the polar groups either enhance or lower the ani- 
sotropy with respect to the hydrocarbon depending on the 
nature of the group introduced, whether negative or 
positive. 

7 . Considering the inorganic compounds, one interest- 
ing fact emerges out, namely, that while homopolar com- 
pounds like O2, N2, H2 and GI2 and non-polar molecules such as 
CO2 and N2O have large depolarisation, polar compounds of 
the type HCl, H2 S, NH3 show only very small depolarisation, 
giving only the anisotropy of the ions. The bindings in the 
two types are quite different. 

8. HGl, HBr and HI show increasing depolarisation in 
that order. This is not surprising in view of the fact of 
greater refractivity of the Br than Gl, and of I than Br. The 
respective ions therefore possess increasing anisotropy. 

9 . NO and GO though very slightly polar show surpris- 
ingly small depolarisation, especially the latter. This might 
be due to unused valencies. 
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la the case of 00, we can imagine the two nuclei to be 
very close and then the two electrons of the carbon to move 
round both the nuclei ; in which case less anisotropy will 
result. 

A similar explanation for NO also will account for the 
low depolarisation. 

10. COS comes midway between COg and OSg in its 
properties. But Zahn and Miles have shown recently the 
presence of permanent electric moment of 0‘66xl0“i8 Q 
S., electrostatic units, in COS. The lower depolarisation of 
8‘77 for COS, lower than either CO2 or OS3 points also to the 
polar nature of the molecule (Rao gives 11‘1 for depolarisation 
of CS2). 

11. Silicon tetrafluoride and silicon tetrachloride also 
show incomplete polarisation even though to different extents, 
the former to 3 ’11^ and the latter to 1*64^ . The former 
value is surprisingly large for a tetrahedral molecule. Even 
the plausible explanation of the isotopes of chlorine giving 
rise to anisotropy does not seem to hold good. Hydrogen 
or fluorine is not known to have isotopes, but CH4 and SiFi 
are anisotropic. Moreover isotopes are likely to influence only 
the infra-red absorption or the Raman lines but not the 
classical scattering. It has been so far an unexplained fact, 
as to why even tetrahedral molecules like CH4 and CCI4 should 
show any optical anisotropy at all. It was usual to explain 
it by assuming a slight departure from the tetrahedral model 
for the molecule or by assuming the two pairs of electrons 
from the two Li and L2 levels to be different, thereby giving 
anisotropy to the carbon atom itself. But recently, Pauling 
from the quantization of the bond eigen-functions concludes that 
the four bonds are equivalent and directed toward tetrahedron 
corners. 

« Phys. Rev., 32, p. 497 a928). 

Langsetb. Zeit. for. Physik, 72, p. 860 (1931). 

Jottr. Amer, Ohem. Society, 58, p. 1867 (1981), 

7 
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It was, therefore, surprising why isotropic molecules 
should ever show depolarisation instead of complete polarisa- 
tion in the transverse direction. 

The primary question before the above can be answered 
is why even OCU and OH4 should show such widely differing 
values, the latter having double the value of the former ? On 
the other hand, one would expect OCI4 to show greater depo- 
larisation on account of the larger refractivity of the chlorine 
atoms, even supposing for the present that the structure of 
the molecules possesses a slight departure from perfect tetra- 
hedral symmetry, though there is no support for esuch an 
argument. 

If consideration is given to the relative sizes of the central 
atom to the surrounding ones, the matter is exceedingly easy 
to comprehend. On the view that anisotropy increases if 
the central atom, which is supposed to be the same for a 
number of molecules, is surrounded by less and less heavy 
atoms the above observations on OH4, CCI4, Sir4 and SiOU 
can be explained without assuming any departure from sym- 
metry for the molecule. The converse also holds good, the 
anisotropy increasing where four similar atoms have a central 
heavier atom successively. 


Table V. 


Compound. 

rxlO* 

Compound. 

rxlO* 

Compound. 

f xl0> 

0C14 

0*62 

SiCli 

1*64 

CCI 4 

0-62 

CH 4 

114 

SiF 4 

811 

SiCl4 



TiOU and SnCU must therefore be more and more ani- 
sotropic while the anisotropy for SiHd will perhaps exceed any 
so far found for a molecule of RX4 type. Also the anisotropy 
for GBr4 vapour must be the lowest ever found, smaller than 
even those for the rare gases or CCI4. 
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The above clearly indicates that for anisotropy in mole- 
cules, mere geometry of form is not sufl&cient to account 
for it. 

12. Argon has been found to be anisotropic also. Eor 
ordinary molecules, anisotropy is genuine ; for rare-gas-like 
ions, the anisotropy may be caused by the deformation produced 
by the surrounding ions ; for isotropic molecules, the explana- 
tion lies in the relative sizes of the constituent atoms ; but for 
rare gases, it is quite incomprehensible why there should be 
any anisotropy at all. Till more experiments are conducted 
on it, we will avoid all speculation for the present. 

Further work as to the nature of the imperfect polarisa- 
tion of the transversely scattered light in argon is in progress 
and will, it is hoped, enable us to decide whether argon pos- 
sesses any real anisotropy or not. 

The author is indebted to Prof. Sir C.- V. Raman for 
his very keen interest, guidance and suggestions in the above 
work. 
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Modern Differential Geometries 

By 


In considering the relationship between various spaces 
recently constructed as generalizations of Biemann spaces, I 
have come to certain conclusions published elsewhere in detail, 
of which this is a brief survey. Roughly, the work seems to 
bear the same relation to the usual differential geometries, 
affine or otherwise, as does that of Frl. Emmy Noether and 
Berwald, to the Riemannian geometry ; the investigations of 
Douglas are probably a special case. In the following, the 
tensor summation convention is used, and differentiation to 
and is respectively denoted by a comma and a semicolon 
with the corresponding subscript to follow. 

A K-space is defined by the integral curves of 

(1) +a*(a:,i>,f)=0 i=l...n 

which are assumed to be such that for some part of the {x, i) 

domain, there is one and only one regular solution, for a given 

• 

set of values x. When one tries to deduce these equations 
from a variational principle 

(2) ^ I f{x,»,t)dl=:0 

one is at once led to the following equations for the inte- 
grand /, the metric of the E-space : 

8^/ - 1!L + 8/ 

dx-* 


( 3 ) 
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with the subsidiary condition for non-triviality, 


(3a) A! 






There is not, in general, a non-trivial solution for the 
most general set of a\ But if, one postulates that any at 
least twice differentiable function t// (/) be also a possible 
metric with /, one is led on substitution to 


(4) 







.9/ 





This corresponds to a conservation principle, and means 
precisely that the integrand f must be a constant along the 
paths,’ ’defined by (1). Differentiating (4) successively to 
x’‘. and substituting in (1) leads to a first order system for / : 


(5) 






The first compatibility condition for (4) & (6) is seen to 
be 


(6) e* 


M - ^/=0 

a<»‘ dt 


e'=a*- 



This makes it clear that the spaces for which the a* are 
homogeneous of degree two in x are simpler than the rest, 
inasmuch as (4)^ and (1) are consequences of (5), provided / 
does not contain t explicitly. 

The differential invariants of the space are to be had from 
the usual conditions of compatibility. The partial derivatives 
8 / 

being eliminated by means of (5) whenever possible,, we 
have 

(4) (5) K 
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(5) (5) 



9/ 

cisb* 



where 


(7) P'=a’-a‘ 


J r . J n 

> I Jt 


.k 



,+2a‘ 


R 


‘ =2 r 



These are the generalized Eiemannian curvature tensors 
for the K-space. 

As a special case, for instance, we find that with the 
usual co-efficients of affine connection, a term of the form 

12 *** 

enters into an invariant-/, if and only if is a tensor 

with vanishing covariant derivative. This settles the problem 
of the expansion of / as a polynomial in x. further, we have 
the Hamilton’s principle directly from (3) ; 


( 8 ) 


dt 


- 


/) + 


M- 

dt 


=0 


So that^ for an / not containing t explicitly, but homo- 
geneous of any order except the first in x, or even obeying 


we have the property 


dt 


0 also. 


A parallelism, or, to be accurate, two such, can be derived 
on the assumption that there exists a derivate which 
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is a rector with u, such that (1)| are obtained directly from 
D(a;) =0. Even under a general law of rector transformation 

w ‘= fJ [ F ']=^0 

the conditions abore lead at once to 

(9) D(u)* EW* +')'*«* +e‘ e*s=a‘— 

Moreorer, e* is also a vector, and the law of transforma- 
tion of the vi is given by 

(10) yl ¥) +|-^ F‘,=Fly* 

There is a “ restricted ” derivate, obtained by leaving ofE 
the vector c*. 

( 11 ) ^[){u)* Bu* +ylu* 

This is also a contravariant vector with u. It can further 
be defined for covariant vectors as well, and will be a 
covariant rector itself, with the proper law of transformation for 
yi- 

§I)(u)t=Ui+y*u^ uj = (t>jUi Qta. 


The process obriously gires a derirate for tensors of any rank, 
as in the usual case. Parallelism would be defined as the 
vanishing of the derivate^ along the particular curve in 
question. 

The determination of the yi requires further assumption, 
of which the simplest is that the equations of variation of (1) 
can be written as 


12 ) 


ii* +u* 


Qa* Qx*" 



(u)‘ 

i, t) 
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This gives, on the assumption that u is parallel displaced 
along the base, either in the general or the restricted sense^ 



It is found as a trivial consequence that a covariant 
derivative independent of the direction exists only in spaces 
with symmetric affine connections, under the assumptions of 
this paper. Furthermore, laws of vector transformation that 
invol ve the vector in the co-efficients Fj are in general not 
feasible. 

There remain certain obvious coniequences of the theories 
to be noted. First, the laws of vector transformation can be 
assimilated to those of a group of matrices. Again, as the 
formula (10) shows, all the y* can be made to vanish if there 
exists a transformation for which the co-efficients are equal 
to a family of vectors, which is hiparallel along the base, i. e., 
whose restricted derivates all vanish along the given curve. 
The transformation then allows a reduction of the equations 
of variation (12) to the normal form 

(13) = 

This is particularly useful for the discussion of conjugate 
foci, and problems of stability. Now the said transformation 
can always be shown to exist, for the ordinary laws of vector 
transformation in an infinity of ways. Stability thus comes to 
the investigation of the roots of the equation 

(14) SJ ^ + 

which must all be real and negative for complete stability. 
Furthermore, being a mixed tensor, these roots are known 
to be invariants of any non-singular point transformation. 

8 




'i- 
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In closing, I point out that affine relativity theories of 
the unified gravitational and eleotromagnetic fields can be 
constructed, to include the work done recently by Paolo 
Straneo, Einstein and Meyer, by means of assuming a 
restricted derivate, with the corresponding bipaths ” as 
derivable from a metric, while the vector that represents the 
residual co-efficients is capable of being interpreted as one 
related to the electromagnetic forces. The foregoing imme- 
diately gives the curvatures of the affine space. 


Alioabh Muslim Ukivbrsitt, 
March 8. 1982. 
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On Discontinuous Fluid Motion Under Different 
Thermal Conditions. 

By 

Sudhansu Kumar Banerji and Vxshnu madhav Ghatage. 

(Plates XI to XX) 

CONTENTS. 
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2. Experimental methods of introducing temperature 
and velocity discontinuities in a fluid initially station- 
ary or moving. 

Part. I. Thermal discontinuity in a liquid initially at rest. 

3. Experimental arrangement for introducing a thermal 
discontinuity in still water (a) by means of a plane 
shutter in a rectangular tank, and (&) by means of a 
thin hollow cylinder. 

4. General discussion of the phenomena observed after 
a thermal discontinuity is introduced in still water. 

5. Effect of initial conditions, boundaries, etc., on subse- 
quent development of vortices. 

Part. TI. Thermal discontinuity in a moving liquid. 

6. Experimental arrangement for introducing a thermal 
discontinuity in moving liquids. 

7. General discussion of the phenomena observed at the 
surface of discontinuity between cold and warm cur- 
rents. 
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8. The growth of vortices at the surface of discontinuitf. 

9. The slope of the surface of discontinuity. 

10. The change in the surface row of vortices and its 
direction with time. 

11. Paths of particles at the surface of discontinuity. 

12. Summary. 

1. IntrodwHon. 

The present investigation was undertaken with the object 
of making a detailed study of the phenomena occurring at the 
discontinuous boundaries between portions of liquids under 
different thermal conditions. The instability of the ‘‘liquid 
surface” which separates the portions of a liquid, which are 
at the same temperature but moving with different velocities, 
has formed the subject of a large number of investigations.* 
It is known that the surface of discontinuity between two 
portions of a fluid, owing to fluctuations in the flow, assume 
at first a wavy form and that the waves advance with a velo- 
city which is equal to the mean of the velocities of the two 
portions. If the motion be assumed to be steady then Ber- 
noulli’s theorem indicates that when the surface of disconti- 
nuity has assumed a wave pattern, there is an excess of pres- 
sure at the crests of each portion of the fluid and a defect of 
pressure at the troughs. But since, the crest in one portion 
of the fluid is the trough in the other portion, this distribution 
of pressure cannot possibly remain steady. The fluid in the 
region of excess pressure will tend to move towards the 
neighbouring region of reduced pressure with the result that 
the undulation of the surface of discontinuity will become 
more and more marked. Finally the surface will break down 
into a large number of eddies. 

1 An elementary ducuetion of th!i case is to be found on pp. 2S6>226 of "The Physios 
of SoUds and Fluids’’ by Xwald, POscbl and Prandtl (1980). 
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In his memoir ^ on “the Dynamics of the Circular vortex 
with applications to the atmosphere and atmospheric vortex 
and wave motions,” Prof. V. Bjerknes has explained how 
the “surface of discontinuity” develops into cyclones and 
anti-cyclones in the atmosphere. His diagram on p. 23 which 
has been reproduced as fig. 1 in this paper shows clearly how 
a “surface of discontinuity” in the initial stage when it has 
developed into a wave pattern consiste of elemental vortices. 



A rigorous mathematical discussion of the formation of 
vortices from a surface of discontinuity between two fluids, 
moving one above the other with equal velocities but in 
opposite directions, has recently been given by Rosenhead.® 
Assuming y=a ooskx to be the initial form of the surface of 
discontinuity, he shows that this surface, instead of growing 
according to Rayleigh’s formula * 

kVt j 
y^ae cos kXt 


® Geofysiflke Publikationer, VoL II, No. 4 (1921). 

3 Bosenhead, Proc. Boy, Soc., Vol. 134, A, pp. 170-192 (1931). A correction to the 
formula originally given in tbia paper has been published in Pxoc. Camb. Phil. Soc., 
yol. 28, p, 44, (1982). The formula here given is the corrected formula, 
t Scientific Papers, Vol. pp. 474*487, 
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grows according to the law 

y = cos kx+h VJc^a* ( sinh 2km ) 8in2fc®, 

correct to the second order of small quantities. In this for- 
mula a is the initial amplitude, 2ir/k the dominant wave 
length, U the velocity of the upper stream, and — U the velo- 
city of the lower stream. The amplitude of the disturbance 
represented by the second term grows much more rapidly than 
that of the first and ultimately dominates it. The second 
term is anti-symmetrical with respect to the crest of the ori- 
ginal wave and its effect is, therefore, to give the original 
cosine curve a shape somewhat like that of a breaker in the 
first stages of its growth, instead of the symmetrical shape 
suggested by the Bay leigh solution. In determining the ulti- 
mate shape of the surface, Eosenhead adopts an approximate 
numerical method. Instead of assuming a continuous distri- 
bution of vorticity over the surface, he approximates to it by 
a distribution of finite “elemental” vortices and then follows 
up the paths of these vortices by a numerical step by step 
method. On p. 187 of the Royal Society paper, he has given 
a figure indicating the form of the surface (replaced by 12 
elemental vortices per wave length) at various stages of the 
motion. This figure, owing to its theoretical importance, has 
been reproduced as fig. 2 in this paper. It is seen that the 
effect of instability upon a surface of discontinuity of sine 
form is to produce concentrations of vorticity at equal inter- 
vals along the surface and it is also seen that the surface of 
discontinuity tends to roll up round these points of concentra- 
tion with an accompanying increase in the amplitude of the 
displacement. Rosenhead in his second paper has pointed 
out that his theoretical analysis does not determine what wave 
length becomes ultimately dominant in the general dis- 
turbance. 
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Rosenhead’s analysis explains the phenomena when there 
is a simple discontinuity in motion only. But the disconti. 
nuity may be one of density or of both motion and density 
and in such cases the phenomena will be somewhat more 
complicated. A discontinuity in density of a simple kind 
may be introduced by making a cylindrical or a rectangular 
column of water in a large tank to haye different temperature 
from the adjoining liquid, while a discontinuity in motion as 
well as density may be introduced by making two streams of 
water under different thermal conditions meet each other at 
various angles. In both cases the surface of discontinuity 
resolves itself into interesting patterns of three-dimensional 
moving vortices. The mode of production of vortices of this 
kind, their mechanism, the relationship of their dimensions, 
vorticity, etc., with the temperature difference at the surface 
of discontinuity and its slope, the depth of liquid, as well as 
the velocities of the incident currents and other factors have 
been discussed in the following pages. 

The essential features of the motion are indicated below; — 

(1) The surface of discontinuity at first assumes a wave 
pattern. 
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(2) The instability makes each crest or a trough to take 
up the form of a breaker and then roll round itself. A suc- 
cession of spiral-shaped vortices is thus produced. 

(3) In the direction of the motion, the vortices show in 
general a progressive increase in the number of convolutions. 

(4) The successive vortices also show a progressive increase 
in amplitude (diameter) . 

(5) The greater the difference of temperature at the sur- 
face of discontinuity, the smaller is the diameter of the vortices. 
If there are no disturbing factors, then in the case of a very 
small difference in temperature, the vortices have enormous 
diameters. 

(6) The vortices develop more rapidly the greater the 
difference of temperature at the surface of discontinuity. 

(7) When a warm and a cold current meet each other, the 
slope of the surface of discontinuity, over and above the temper- 
ature difference, determines the dimensions of the vortices. The 
more inclined is the surface of discontinuity to the horizontal, 
the smaller is the diameter of the vortices. 

(8) With the advance of time, the surface of discontinuity 
between cold and warm currents tends to become more and 
more horizontal and consequently the diameters of the vortices 
become larger and larger. 

(9) The angle between the mean direction of cold and 
warm currents and the direction of the surface row of vortices 
becomes smaller if the initial difference of temperatures 
between the two currents is increased. 

(10) As a rule the crests (within warm water) show 
greater development than the troughs (within cold water). 
The former always grow into well-defined vortices, but the 
latter merely assume the shape of breakers and seldom 
become full grown vortices. Considering both crest and 
trough vortices, the system is equivalent to double row of 
vortices. 



ON DISCONTINUOUS FLUID MOTION 


171 


(11) The vortices formed on surfaces of discontinuity of 
the type mentioned above are not exactly of the type known 
as Edrmdn street of vortices, ® nor do they exactly obey the 
Edrmdn law. The ratio of the amplitude to wave-length does 
not, however, materially differ on the average from the 
Kdrmdn value and this undoubtedly accounts for their 
stability. 

The phenomena discussed in the present paper have wide 
application in nature. In the atmosphere, air masses at 
different temperatures frequently meet each other. A study 
of these atmospheric phenomena has led the Norwegian School 
of meteorologists and others to develop the interesting theory 
of the Polar Front. The life cycle of the extra-tropical 
cyclones as depicted by these authors bears a close analogy 
to the small scale phenomena observed at a surface of dis- 
continuity produced under laboratory conditions. At the 
mouths of rivers where pure river water meets the sea water 
we have a density discontinuity, which is essentially the 
same as a temperature discontinuity. The eddies which 
develop at such surfaces of discontinuities are well known^ 
but the precise relationships between their growths and their 
characters with the various factors which lead to their forma- 
tion have not received adequate investigation, 

2. Experimental methods of introducing temperature and 
velocity discontinuities in a fluid initially stationary or moving. 

There are various ways in which a discontinuity of 
temperature, or of velocity or of both velocity and temperature 
may be introduced in a fluid. Two cases naturally come up 
for consideration, namely, (1) the case in which the fluid has 
been initially at rest^ and a temperature discontinuity has 


B K^rmdn and Rubach, Physical Zeitschr., Vol. 18| p. 49 (1912). 
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been introduced in some part of it, and (2) the case in which 
the fluid has been initially in motion and a temperature dis- 
continuity or both temperature and velocity discontinuities 
have been introduced in it. 

The introduction of a simple temperature discontinuity® 
in a fluid at rest appears to be more difficult than in a fluid 
in motion. The simplest case which is amenable to theoreti- 
cal treatment is a cylindrical or rectangular column of water 
at different temperature from the rest of the liquid in a tank, 
both being initially at rest. But unfortunately a cylindrical 
or a rectangular column cannot be made to have different 
temperatures from the rest of the liquid without invoking the 
aid of some partitions. However thin these partitions may 
be, and however carefully they are removed, after the two 
portions of the liquid have assumed different temperatures, 
some slight disturbance is bound to be introduced in the 
process of removal tending to increase the instability of the 
surface of discontinuity. 

Temperature discontinuities can, however, be introduced 
with comparative ease in a liquid in motion. The simplest 
method is to make two streams at different temperatures and 
flowing in different channels meet each other. Except the 
provision of suitable channels, this method does not require 
the use of a partition at the surface of discontinuity either 
initially or at a later stage of the motion. Details of the 
arrangement adopted for introducing temperature disconti- 
nuities in a liquid initially at rest or in motion will be present- 
ly described, but it is important to bear in mind that 

6 The convection currents in liquids caused by heat sources, such as a heated circular 
disc placed at the bottom of a tank, or a heated side of a tank, or heated electric coils or 
wires at different points of the tank, have been studied in some detail by Terada and 
Hattori, Beport of the Aeronautical Besearch Institute, Vol. II, No. 2 (1926), VoL III, 
No. 1 (1928), Vol. IV, No. 12 (1929). These are cases in which warm water forces its way 
through cold water in a complex manner. They do not represent cases in which warm 
and cold water had been initially in juxtaposition with each other along a simple geometrical 
surface, the latter undergoing progressive development, such as those studied in this paper. 
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temperature discontinuities are closely similar to density 
discontinuities. Instead of using water at different tempera- 
tures, we can use brine and water, and indeed some previous 
investigators '' have adopted this method for the investigation 
of the stability of superposed streams of fluids of different 
densities. The diffusion of temperature is, however, not 
the same as the diffusion of density, especially when the two 
liquids differ in chemical composition. The viscosity relation- 
ship of warm and cold water is also not the same as that of 
salt water and fresh water. Althou|;h therefore a tempera- 
ture discontinuity is essentially the same as a density dis- 
continuity dynamically, yet they are not exactly identical. 
In nature, particularly in the atmosphere, temperature dis- 
continuity is more common than density discontinuity. 
Where fresh river water pours out into the sea more or less 
at the same temperature, we have undoubtedly a density 
discontinuity, but in the “ gulf-stream ” we have a tempera- 
ture discontinuity. As in the atmosphere, so in the ocean 
when two currents of different origin meet each other, we 
come across not infrequently with a typical surface of tempera- 
ture discontinuity. 

PAET I. 

thermal discontinuity in a liquid initially at rest. 

3. Experimental arrangement for introducing a thermal 
discontinuity in still water {a) by means of a plane shutter in a 
rectangular tank, and (b) by means of a thin hollow cylinder. 

A plane removable shutter P working along vertical 
guides flxed in the sides of a rectangular glass tank divides 
the water into two parts [fig. 3 (a) ]. A sheet of rubber is 
fixed at the bottom of the tank to prevent intermixing and 

» a, I. Taylor, Proo. Camb. Phil. Boo., Vol. 23, p. 730 (1927) ; Q. J. E. Met. Soc., 
Vol. SB, p. 201 (1927). For an interesting theoretical treatment of this problem, see 
Goldstein, Proo. Boy. Boo., Vol. 132 A, p. 624 (1931). 

2 
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to have a cushion effect when the shutter rests in water. A 
thermal discontinuity is introduced by either lowering or 
raising the temperature of water on one side of the shutter 
by means of an electric coil, or by ice, or hot water. The 
shutter is removed vertically upwards with the help of a 
ball-bearing pulley and clockwork, which ensures a uniform 
speed. 



(a) 


— 



Fisr.3 


In order to make the phenomena occurring at the surface 
V here the two columns of water meet, when the shutter is 
removed, visible, one of the columns is coloured by fuchsine 
or alizarine. Alizarine (made into a paste with ammonia) 
is better than fuchsine for mass colouring owing to the 
fact that it diffuses more slowly in water. This method 
gives the general relative movement of the two columns 
but fails to give the details of the motion at any point or 
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of an individual partiole. Nor can we visualise in this way the 
stream lines in the motion. To trace the form of the surface 
of discontinuity, a fine vertical line of red ink is drawn 
on the surface of the shutter before its insertion in the 
tank. When the shutter is inserted, the adjoining water 
gets coloured along the line and when it is removed, the 
coloured line remains hanging in the water. The subsequent 
growth of the surface of discontinuity is shown in a conspi- 
cuous manner by the distortions of this coloured line. 

For photographic purposes the rear oi the tank is covered 
with thin white paper and is illuminated by means of two 
500 Watt Phillips lamps or by sunlight. The surface of dis- 
continuity as depicted by the coloured line is then photo- 
graphed at various stages of its growth by instantaneous 
exposures (l/25th second). 

The simplest surface of discontinuity is undoubtedly 
obtained when we have superposed streams of fluid of different 
densities moving with unequal velocities in the same direc- 
tion, or with equal or unequal velocities in opposite directions. 
In this case the form of the surface of discontinuity is not 
affected by gravity. But in nature we seldom get a case 
where the surface of discontinuity is strictly horizontal. The 
case just described, however, represents the simplest case 
under gravity. The case next in order of simplicity is the 
cylindrical surface of discontinuity. This is obtained by 
making a vertical cylindrical column of water to have 
different temperature from the rest of the liquid. To attain 
this experimentally, a thin hollow metal cylinder, open at 
both ends, is fitted with two glass rods, parallel to its axis 
and diametrically opposite at its upper end [ fig. 3 (b)]. The 
two rods pass through two exact-fitting glass tubes which 
are rigidly clamped vertically. When the cylinder is raised 
by means of clockwork, the tubes serve as guides and 
prevent sideway displacements and rotation round its own 
axis. When the cylinder rests in water, the temperature 
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of the liquid inside or outside may be decreased by means of 
ice or increased by a heating coil. 

Two colour lines, diametrically opposite and parallel to 
the axis of the cylinder are painted on the surface of the 
cylinder before its insertion in the water. When the cylin- 
der is raised up, the two coloured lines trace the form of the 
surface of discontinuity in a vertical section through the 
axis in the various stages of its growth. 

The advantage of having two symmetrical colour lines 
instead of one is that we can trace the disturbing influence 
of factors other than the temperature difference, such as 
the initial state of motion of cold and warm water, any side 
way jerk caused by the shutter during removal, etc. How- 
ever great might be the precaution, it is impossible to com- 
pletely eliminate such disturbing factors. 

In order to make comparative measurements the photo- 
graphs were either of the same magnification or each had a 
glass scale photographed along with the phenomena. 

During the withdrawal of the shutter, a certain amount 
of disturbance is produced in the liquid tending to increase 
the instability. This effect depends on the velocity of remo- 
val of the shutter and its thickness. When the shutter is 
withdrawn slowly (about 2 or 3 cm. per sec.) and steadily, the 
effect is very small. We would examine this effect at a 
later stage, and meanwhile proceed to give a discussion of 
the growth of the surface of discontinuity in the two cases 
on the assumption that this effect did not exist at all. 

With the help of a heating coil of cylindrical or other 
shapes, it is possible to introduce a sudden discontinuity of 
temperature in still water if a strong electric current is mo- 
mentarily passed through the coil. In such oases, the effect 
of drag due to shutter is absent, but the surface of discon- 
tinuity is of th« convectional type. The motion which ensues 
is more complex than in the above examples and the surface 
of discontinuity rapidly develops into oomplii^t^ patterns. . 



Rg.30 Rff.3l Fi§-.52 Fijr.33 27’c 39'c 27'C 39*C 27t Z4‘c 44*c Zfe'c 44*c' 2i’c 

igc./s. 4 - 2 c^s. S'lc-js. 7 lc.ls. Fig-. 34 Fig-. 35 

Figs. 26»29. Showing the forms of the surface of discontinuity between two vertical 
rectangular columns of water having the initial temperature difference 
as indicated. 

Figs. 30=33. Showing the influence of the partition between the columns on the production 
of vortices. 

Figs. 34, 35. Showing the convection of a cylindrical sheath of warm water heated 
electrically. 
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4. General discussion oj the phenomena observed after 
a thermal discontinuity is introduced in still water. 


The growth of the surface of discontinuity which ini- 
tially forms a vertical plane is shown in photographs, figs. 
26, 27, 28 and 29 of Plate XI, and di^grammatically in fig. 4. 
The growth of a surface of discontinuity, which is, initially 
cylindrical in shape, can be seen fr^m the photographs, figs. 
36, 37, 38, 39 of Plate XII and photographs, figs. 42, 43, 44 of 
Plate XIII. The original dimension! of the vortices in the 
tank can be obtained from the scale ^lues shown agaiost each 
figure. ‘i 





It will be seen that in both cases the general nature of 
the phenomena is the same. As soon as the partition bet- 
ween the two columns of water having different temperatures 
is removed, the surface along which these two columns meet 
assumes a wave-form. As the thermal difference introduces 
a density difference, gravity produces motion in these two 
parts of the fluid. The warmer, that is to say, the lighter 
portion of the liquid travels upwards and the colder, that 
is to say, the denser portion of the liquid moves downwards. 
Gradually, the warm liquid rises over the cold liquid, the re- 
lative motion being a function of the difference of tempera- 
ture between ‘warm’ and ‘cold.’ Finally the whole of the 
‘warm’ fluid comes above the ‘cold’ and on account of the 
influence of the boundary the system undergoes a series of 
oscillations (fig. 5). 
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At the surface of discontinuity, the two parts of the 
fluid are moving relatively in opposite directions (fig. 6). The 
surface of discontinuity is therefore initially one of the type 
discussed theoretically by Rosenhead, even though the sub- 
sequent motion, on account of the action of gravity is not 
identical. The growth of the surface of discontinuity, first 
into waves and subsequently into a series of vortices, follows 
closely the sequence deduced by Rosenhead from theoreti- 
cal considerations (fig. 2). 

It will be seen from the photographs that the crests and 
the troughs of the surface of discontinuity do not show equal 
development. In order to avoid confusion, we would call 
the protrusion of the surface of discontinuity towards the 
‘warm’ a crest and that towards the ‘cold’ a trough. It will 
be seen that the crest assumes the form of a breaker at a 
very early stage and develops into a spiral vortex with ra- 
pidly increasing convolutions. The trough, on the other 
hand, shows very slow development. It assumes the shape 
of a breaker at a much later stage and rarely develops into 
a spiral-shaped vortex with a completed convolution. 
These features are strikingly demonstrated by figs. 42 and 
43 of Plate XIII. Fig. 42 represents the case of a warm cylin- 
drical column and fig. 43 that of a cold cylindrical column. 
The two cases, therefore, represent opposite conditions. The 
forms of the surface of discontinuity are consequently inverse 
to one another in the two photographs. Not only the crests, 
which have developed into spiral vortices, are in one case 
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Figs. 36«39. Showing the progressive development of cylindrical surface of 
discontinuity. 

Figs. 49, 41. Showing the movement of the cylindrical surface of discontinuity. 
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inwards and in the other case outwards, but the rotations 
in the two oases are oppositely directed. Eig. 44 shows in 
a conspicuous manner the sequence of development of the 
crest and the trough. Owing to the finite time taken for 
the removal of the cylindrical shutter (about 2 secs.), as 
we go down the picture from above^ the crests had more and 
more time to develop and consequeptly they show generally 
increasing number of convolutions., The troughs also show 
progressively increased development as we move down the 
picture, but not to the same extent as the crests. None of 
them in fact shows a complete con'iwlution. These features 
can also be seen from the other photographs both for the 
plane and cylindrical discontinuities. We see also that 
for any surface of discontinuity the crests and the troughs 
rotate in opposite directions. 

The growth of the surface of discontinuity in relation 
to the relative movement of the ‘cold’ or ‘warm’ liquid can 
be traced by colouring the entire liquid. This is shown in 
figs. 48, 49, 60, and 61 of Plate XIV for a rectangular column. 

These are instantaneous photographs (exposure 1/25 sec.) 
taken at 2'5 secs., 7*5 secs., 12*6 secs, and 17’5 secs, respectively 
after the shutter began to bo withdrawn. In fig. 48 we see 
how the cold column has started to sink down and how the 
surface of discontinuity has assumed a wavy form. In the 
next photograph (fig. 49) the column has sunk down still more. 
A certain amount of diffusion has occurred between the ‘cold* 
and ‘warm’ liquid with the result that the surface of discon- 
tinuity is no longer as sharp nor the temperature contrast as 
great as in the first photograph. The waves have therefore 
increased in wave length as well as amplitude. In fig. 60, 
more diffusion has occurred, and the waves have still further 
increased in wave length and amplitude. This effect has 
been further accentuated in fig. 51. Similar effects associated 
with the sinking of a cylindrical column of water are shown 
by figs., 40 and 41 of Plate Xil. 
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In order to determine the precise relationship between 
the directions of flow of ‘warm’ and ‘cold’ currents and the 
direction of rotation of the convolutions in the spiral vortices, 
it is necessary to emphasise that the spiral vortices represented 
by the crests have ‘cold’ cores and those represented by the 
troughs ‘warm’ cores. This is readily seen from the photo- 
graphs. In a well-developed vortex formed by the crest the 
supply to the core or pole of the vortex can clearly be seen 
to come from cold water and in the case of vortex formed by 
the trough from the warm water. 

At the surface of discontinuity, the warm and cold 
currents move relatively in opposite directions and thus pro- 
duce at any point a turning moment (fig. 5)’. If we stand on 
a plane section parallel to the directions of these currents 
then the turning moment due to the opposite directions of 
motion may be clockwise or anti-clockwise according as we 
stand on one or the other face of the plane. If we stand on 
that face of the plane so that the turning moment is anti- 
clockwise then in the case of a vortex with a warm core we 
will have to move along the spiral in such a way that the 
core remains towards our left in order to arrive at the pole of 
the vortex and in the case of a vortex with a cold core we 
will have to move such that the core remains towards our 
right in order to arrive at the pole. These laws are in remark- 
able agreement with those which govern the directions of the 
wind in cyclones and anti-cyclones in the atmosphere. The 
turning moment due to the opposite directions of cold and 
warm currents appear to be equivalent to the part played by 
earth’s rotation in atmospheric cyclones and anti-cyclones. 

From measurement of photographs of the kind given 
in Plate XIV we can determine the horizontal velocity of the 
cold water at different times. The initial velocity is greater 
the greater is the difference of temperature at the surface of 
discontinuity. This will be clear from the data given in 
Table .1 
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f ’igs 42, 43 Showinj? rhe forms of rhc surface of discontinuiry when the temperature of 
water inside rhe cylinder is jjreater and lower than that outside. (Note 
that the vortices rotate in opposite directions in the two cases.) 

44. Showing the for rn of the surface of discontinuiry when the temperature difference 
is very small. 

45-47. Showing the influence of cylindrical partition on the production of vortices 
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Table I. 


Tank : Length 44*2 cm. x breadth 15*6 om* ^ height 23*0 cm. 

Cold column : Length 8*5 cm. x breadth 15*6 cm. x height 17*6 cm. 
Warm column : Length 35*5 cm. x breadth 15*6 cm. x height 17 *6 cm. 


Temp. diffCj 

.cnce at surface of discon- 
tinuity 2*0. 

Tem^ difference at surface of discon- 
tinuity 4®C. 

Time (sees.) 
from start. 

1 Hori. disi. 
moved (cm.). 

Average velo- 
city cm./sec. 

Time (tecs.) 
from start. 

Hori. dist. 
moved (cm.). 

Average velocity 
cm./sec. 

2*5 

3‘58 


2*5 

3*4 


75 

12*68 

1*82 

7*5 

13-26 

1*97 

12*5 

20*15 

1*49 

12*5 

20*74 

1*50 

17*5 

26*0 

1*17 

17‘5 

•27*88 

1 43 

22*5 

29*9 

0*79 

... 




The velocity of sinking of a cold rectangular column, as 
deduced from figs. 48 and 49 of Plate XIV, is 1’8 cm, /see. 
This is the same as the horizontal velocity, as it obviously 
should be. The velocity of sinking of a cylindrical column, 
which is lower in temperature than the surrounding water 
by about 3°0, is about 3*3 cm./sec. (figs. 40 and 41 of 
Plate XII). The greater velocity in the case of the cylindrical 
column is due to the divergence at its base in all directions, 
as compared with the rectangular column which diverges 
only in one direction. 

It is interesting to compare the above values with those 
which would be obtained for the motion in the early stage 
by a simple mathematical calculation. Owing to the density 
difference of cold and warm water, in any horizontal section 

3 





182 


S. K. BANBRJT AND V. M. GHATAGB 


there is a pressure difference at the surface of discontinuity 
and this tends to produce motion. The surface of disconti- 
nuity is not a mathematical plane. It is a layer of definite 
thickness approximately equal to double the amplitude of the 
wares, which we can take roughly to be a centimetre in the 
case under discussion. Let us consider, therefore, the motion 
of a layer of unit thickness, terminated by the discontinuous 
surface, of the cold column. 

If Pi is the density of cold water and p^ the density of 
warm water and if at a depth /j, the pressure is pi in the cold 
water and in warm water, we have 

Pl-Ps - 9^^Q>1-P2) 

Since the difference of pressure increases from a zero value 
at the surface to a maximum value at the bottom, the hori- 
zontal velocity of the layer will also, broadly speaking, in- 
crease from a zero value at the surface to a maximum value 
very close to the bottom. The motion of the layer may, 
therefore, be considered to be occurring under a mean value 
of the pressure difference acting over the entire column. The 
mean value of the pressure difference is 

Igh {pi -P2), 

where h now denotes the total depth of the column. 

A horizontal cylinder of unit length and of unit area at 
either end, over which the above pressure gradient is acting, 
will have an acceleration /, which is given by 

Pif = lg^(pi-p2)r 

or, f = lgh{pi-p2)IPv 

We assume that the resistance to the motion of cold column 
follows a law similar to Stoke’s law in the case of a sphere. 
According to this law the resistance experienced by a sphere 
moving with velocity v is Qwpva, where p is the coefficient of 



PLATE > 



ShoNX’ingf the movement of surface of discontinuity , which was initially plane and vertical : 
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viscosity and a the radius of the sphere. If we consider the 
sphere to be equivalent to a fiat plane transverse to the 
direction of motion, then we can express the resistance in the 
form 

3fiv X circumference of the flat plane. 

For the cold column we will, therefore, assume that the 
resistance to its motion is equal to 

Bfiv X length of the bounda:i^ of its transverse section, 
or, Bfivhhi 

H. 

»» 

where h is the depth of water and h is the breadth of tank. 
It is not a rigorously correct assumption, but since the cold 
column moves with a curved surface it appears to be a 
plausible assumption. The equation of horizontal motion of 
the layer can therefore be expressed in the form 


dt 


= f-lcv, 


where k=3ij.hb. 

Integrating, we get 

t =|- log since » = o when t - o, 

or, v = l 

As / is not a constant but decreases with distance (or time), 
this formula can be considered to be approximately true only 
for the early stage of the motion. 


(1) Now in the first case (Table I), we have 

ti— 24®c, 26®c, h s= 17*6cw., b = 15‘6cw. 
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Therefore 


/= lllh 


Pi ~P3 
Pi 


981 X 17-6 X ('99681 - '99620) 

“ ■ ■ ■ 2 X '99681 “ 

= 4'dcm.lsec.^ 

/f = Sx'Olx (2xl7'6 + 2xl5'6) = 1'99 C.G.S. 


V = 


4'8 

1'99 


^ 1 — (! 1 = 2'lcm./8cc. (after 1 seo.). 


(2) In the second case (Table I), 

/,=23‘’r, !^~27°c, h = n'C)cm., h = 15'6cw. 


Therefore 


/ = igf' 


Pi ~Pa 
Pi 


= 981x8'8x 


'99766 -'99053 
•99756 


= 8'9cm.lsec.^ 


h = 1'99 C.G.S. 


V = Q'Bcin.lscc. (after 1 see,). 


We thus get in the two cases the velocities of 2'1 cm./sec. 
and 3*8 cm./sec. in the early stage of the motion against the 
observed values of about 1*82 cm./sec. and 1*97 cm./sec. 
respectively. The discrepancies are obviously due to the 
rough approximation made both in the assumption and the 
calculation. The quantities are, however, roughly of the 
order actually observed. 



ON DISCONTINUOUS FLUID MOTION 


186 



7 


The statistical laws of the growth of vortices in the case 
of a surface of discontinuity, which is initially a vertical 
plane, have been shown graphically in figs. 6 and 7. The 
distances and diameters given in these figures are from the 
photographs, which were all of the same magnification. They 
should be multiplied by 1'8 in order to get the actual values. 
In fig. 6 the diameter of the first convolution in the successive 
vortices from the water surface downwards has been plotted 
against their depth from the water surface. Since the vortex 
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lower down in the liquid had greater time to develop than 
the one higher up, we can conclude from this curve that 
in general a vortex increases in diameter with time. The large 
scatter in the observational points is obviously due to the 
fact that all the observed cases, irrespective of the actual 
temperature difference at the surface of discontinuity, have 
been included in this curve. We will find later on that the 
feature shown by this curve is covered by the general law that 
a growth of the vortex is always associated with an increase in 
the amplitude of the surface of discontinuity. 




DlAf-ierf^R IN Cns of the first DEVELOPETD diameter /AtCMS. of the first 
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In fig. 7, the number ® of convolutions of the successive 
vortices have been plotted against the depths of the vortices 
below the water surface. Here, too, we see that in general 
there is an increase in the number of convolutions with the 
growth of a spiral vortex. The large scatter in the curve is 
due, as in the previous case, to the inclusion of all cases 
irrespective of the actual difference of temperature at the 
surface of discontinuity. 

The corresponding cases for a cylindrical discontinuity, 
the cylindrical column being either at higher or lower 



^ If 2 m 18 the total axigle subtended at its centre bjr a spiral vortes, then n denotes 
its number of conTolations* 
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temperatures than the surrounding water, have been given in 
figs. 8, 9, 10 and 11. The distances and the diameters given 
in these figures have also been taken from the photographs. 
They should be multiplied by 1'4! in order to get the actual 
values. All these curves show as in the case of a plane 
discontinuity that the dimensions as well as the number of 
convolutions in a spiral vortex increase with time. The 
scatter is due to the same cause as before. 

The growth of vortices in individual cases and for various 
differences of temperature at the surface of discontinuity can 
be seen from the data given in Tables II and III. 

The general results which can be deduced from the data 
given in Tables II and III have been shown graphically in 
figs. 12, 13, 14 and 16. In fig. 12, the diameter (actual, 1‘8 
times) of the first vortex in the case of plane discontinuities 
counted from surface downwards has been plotted against the 
initial difference of temperature at the surface of discontinuity. 
It will be seen that the diameter of a vortex undergoes an 
increase with decrease in the difference of temperature at the 
surface of discontinuity. The diameter increases rather slowly 
as the temperature difference is reduced to 6°C, but for 
smaller temperature difference the diameter increases very 
rapidly. The curve in fact has a tendency to become asymp- 
totic to the diameter-axis. The same feature is shown by the 
curve in fig. 13 for a cylindrical discontinuity. Here, too, we 
see that for smaller difference of temperature at the surface 
of discontinuity, the diameter (actual, 1*4 times) of the vortex 
increases very rapidly. 

On the other hand, the larger the initial difference of 
temperature at the surface of discontinuity, the more rapidly 
a vortex grows. This is readily seen from figs. 14 and 16. 
In fig. 14, the number of convolutions in the first developed 
vortex in the case of a plane discontinuity, counted from the 
water surface downwards, has been plotted against the differ, 
enoe of temperature at the surface of discontinuity. The 
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Table II. 

Plane Discontinuity, 

Tank : Length 44*2 cm. k breadth 15*6 cm. x height 23*0 cm. 

Gold column ; Length 8*5 cm. x breadth 15*6 cm, x height 19*2 cm. 
Warm column : Length 35*5 cm. x breadth 15*6 cm. x height 19*2 cm. 
Thickness of shatter : 1*6 min. 


The figures in columns 3, 4 and 5 are from the photographs. 
They should be multiplied by 18 to convert them to actuals. 
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Table II — Continued. 

Plane Discontinuity. 

Tank : Length 44*2 cm. x breadth 16*6 cm. x height 23*0 cm. 

Cold column : Length 8*6 cm. x breadth 15*6 cm. x height 19*2 cm. 

Warm calumn : Length 35*6 cm. x breadth 16'6 cm. x height 19*2 cm. 

Thickness of shutter : 1*6 mm. 

The figures in columns 3, 4 and 5 arc from the photograghs. 
They should be multiplied by 1‘8 to convert them to actuals. 



tions of the first 
developed vortex 
(2ir X n) 
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Table III. 

Cylindrical Discontinuity . 

Tank : Length 19*3 cm. x breadth 17*0 cm. x height 20*0 cm. 

Depth of water : 17*5 cm. 

The figures given in columns 8, 9 and 10 are from the 
photographs. They should be multiplied by 1’4 to convert 
them to actuals. 


6 

o 

o 

Dim. of cylinders 
(cm.). 

Temp. "C. 

Diff. in Temp. °C.| 

Djst. from water 
surface ( x 1.4 cm.). 
(Both rows). 

( a '2 

81 

c5 ^ 

X 

* 4-1 

^ B 

1 aj 

ca p 

! SI 

. a 
a^ 

<u ^ 
> 

<j 

No. of convolutions 
(27r X n) 
n. 

No. of convolutions 
in the first deve- 
loped vortex. 

n. 

Radius 

Length 

Thickness 

Inside 

Outside 

9 

2*3 

20-0 

0*14 

27-0 

27-5 

0*5 

2*3 

0*22 

0*25 

1*6 

... 








2‘G 

0 23 


1*3 


1 







6*8 

0*29 


1*8 


10 

f» 1 

1» 

II 

27*5 

28-6 

1*0 

1*1 

t 0*17 

0*21 

1*3 

1*3 








2*4 

0*17 


1*5 








I 

4*7 

1 0*26 


2*5 









6*3 

0*26 


2*9 


11 

ti 


II 

230 

260 

3*0 

1*0 

0*17 

()’22 

1*1 

1*1 








3*1 

0*24 


2 3 









4 2 

0*24 


... 


12 


II 

II 

26*0 


4*0 

1*9 

0*14 

0-20 

2*6 









2-4 

0*21 


2*3 









4*9 

0*24 


2*5 


13 

• » 

II 

ji 

21*0 

25*0 

4*0 

1*5 

0*17 

0-22 

1*0 

D 








2 1 

0*23 


1*4 









3*1 

0*19 


1*6 

■ 








3*9 

0-27 


2*3 


14 

»* 

1* 

II 

26*0 

30-0 


1*9 

0-13 

0-23 

2*3 

■ 







1 

i 

2*8 

019 


1*8 

m 
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Table III — Continued. 

Cylindrical Discontinuity. 

Tank : Length 19*3 cm. x breadth 17*0 cm. x height 20*0 cm. 

Depth of water : 17*5 cm. 

The figures given in columns 8, 9 and 10 are from the 
photographs. They should be multiplied by 1*4 to convert 
them to actuals. 
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Table III — Continu cd . 
Cylindrical Discontinuity. 

Tank : Length 19*3 cm. x breadth 17*0 cm. x height 20*0 cm. 
Depth of water : 17*6 cm. 


The figures given in columns 8, 9 and 10 are from the 
photographs. They should be multiplied by 14 in order to 
convert them to actuals. 
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Table III — Contimed. 

Cylindrical Discontinuity. 

Tank : Length 19 ’3 cm. x breadth 17*3 cm. x height 29*0 cm. 

Depth of water : 17*5 cm. 

The figures given in columns 8, 9 and 10 are from the 
photographs. They should be multiplied by 1*4 in order to 
convert them to actuals. 
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number of convolutions in a vortex is a measure of its growth. 
The curve vividly presents to the eye that the number of con- 
volutions at fiirst increases rapidly and then slowly with 
increase in the difference of temperature at the surface of 
discontinuity. The growth of a vortex, therefore, occurs 
more quickly the greater is the difference of temperature at 
the surface of discontinuity. Similar feature is shown by the 
curve in fig, 16 for a cylindrical discontinuity. 

We deduce from the above observations the following 
two important laws : — 

(1) The smaller the difference of temperature at the 
surface of discontinuity the greater is the diameter of the 
vortex. When the difference of temperature approaches 
zero, the diameter asymptotically increases to an infinitely 
large value, 

(2) The larger the difference of temperature at the 
surface of discontinuity the more rapidly a vortex grows. 

We will see from the further observations of temperature 
discontinuities in moving liquids which we will describe in 
Part II that these laws are of very general application. 

We have seen that each crest of a surface of discontinuity 
develops into a spiral vortex ; the troughs gradually assume 
the form of a breaker but seldom develop into a spiral vortex. 
The distance between successive vortices formed by the crests 
is therefore equivalent to the wave-length of the surface of 
discontinuity. If a symmetrical line is drawn through the 
surface of discontinuity so that tbe crests and troughs lie on 
either side of this line, then we can take either the distance of 
the peak of each trough from this line or the diameter of the 
complete vortex formed by each crest as the amplitude of the 
surface of discontinuity, the latter being just separated out by 
the symmetrical line. To indicate the manner how the wave- 
length and amplitude of a surface of discontinuity vary along 
its length and how they depend on the temperature difference, 
we have given in Table lY (a) and {h} the results obtained 
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from an analysis of a few typical photographs for plane and 
cylindrical discontinuities. Under the experimental condi- 
tions, a surface of discontinuity seldom grows purely under 
the influence of temperature difference. The initial state of 
motion of warm and cold water and other uncontrollable factors 
exercise a disturbing influence on the pattern. The values of 
wave-length and amplitude do not, therefore, represent those 
that would have been obtained under ideal conditions. They 
can, however, be considered to represent, on the average, the 
order of quantities correctly. 

We have already noted that there is a progressive increase 
in the growth of vortices from surface downwards, the lowest 
one is more developed than the one next above and so on. We 
see from Table IV (o) and (h) that in the case of an individual 
surface of discontinuity, both the wave-length and amplitude 
undergo, in general an increase from surface downwards in 
consonance with this growth. When we consider the differ- 
ent cases collectively we notice that as the temperature differ- 
ence at the surface of discontinuity is increased, the wave- 
length does not undergo much variation but the amplitude 
undergoes a rapid decrease. 

If the trough had developed to the same extent as the 
crest, then the crest vortices and the trough vortices could be 
regarded as forming a double row of vortices. Even though 
the pattern does not quite correspond to the Edrmdn vortex 
street, we can still consider the crest vortices and the ill- 
developed trough vortices to be forming a double row. We 
then find [Table IV '(a) and (6)] that the ratio of fe, the 
distance between the poles of the two rows of vortices (which 
is equal to the amplitude), to \, the distance between 
successive crest vortices (which is equal to wave-length) has 
very nearly the value 0*283 which Eirmdn found for his 
stable rows of vortices. 

The ratio, h : X, appears to undergo a slight decrease with 
increase in temperature at the surface of discontinuity. 
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Table IV (a). 

Plane Discontinuity. 

The figures given in columns 6, 7, 8 and 9 are from the 
photographs. They should be multiplied by 1'8 in order to 
convert them to actuals. 
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Table IV (o) — Continued. 

Plane Discontinuity. 

The figures given in columns 6, 7, 8 and 9 are from the 
photographs. They should be multiplied by 1*8 in order to 
convert them to actuals. 



Mean 
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Table IV (b). 

Cylindrical Discontinuity. 

The figures given in columns 6, 7, 8 and 9 are from the 
photographs. They should be multiplied by 1-4 in order to 
convert them to actuals. 



Mean 


0-85 







200 


S. K. BANERJI AND V. M. GHATAGE 


5. Effect of initial conditions, boundaries, etc.^ on sub- 
sequent development of cortices. 

It has already been stated that a disturbing influence is 
produced by shutters during their removal tending to increase 
the instability of the surface of discontinuity. To determine 
the effect of the drag produced by the motion of a shutter, it 
was removed with different velocities, and the surfaces of 
discontinuity, in which the temperature difference was the 
same, photographed immediately after removal. In order to 
have a constant velocity during removal, the shutter was 
raised up by clockwork, fitted with a governor, with the aid 
of a ball-bearing pulley. The velocity was measured by 
noting the time required for the shutter to travel a fixed 
distance. 

It is found that even if there is no temperature difference 
a train of vortices will develop in the wake of the shutter 
provided its velocity is not less than 2 cm, per second. 
When, however, there is a temperature discontinuity, the 
vortices would appear even if the shutter moves with very 
slow velocity. If the difference of temperature is kept 
constant and if the shutter is withdrawn with different 
velocities, it is found that the greater the velocity of shutter 
the more rapidly the vortices develop. At the same time the 
amplitude and wave-length undergo a decrease, that is to say, 
the vortices become smaller in dimensions and a large number 
of them appear within the same space. This is clearly 
exhibited by figs. 30, 31, 32 and 33 of Plate XI for a plane 
discontinuity and by figs. 45, 46 and 47 of Plate XIII for 
a cylindrical discontinuity. In figs. 30, 31, 32 and 33 
of Plate XI, the velocities of removal of shutter were 
2-9 cm./sec., 4'2 cm./sec., 5*1 cm./sec., and 7*1 cm./sec., 
respectively. They show a progressive decrease both in the 
amplitude and wave-length of the surface of discontinuity. 
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The same features are shown by figs. 45, 46 and 47 of Plate 
XIII. The actual reduction in amplitude and wave-length of 
the surface of discontinuity due to increased speed of the 
shutter has been given in Table V. 

In order to determine the effect of thickness, shutters of 
thickness 0*3 mm. and 1 -4 mm. were tried and within this 
small range no appreciable effect could be traced on the 
development of vortices. It was found, however, that when 
the shutter has very large thickness, say of the order of 0 • 5 
cm., it has great disturbing influence on the surface of 
discontinuity. The vortices would not develop in the symme- 
trical pattern, nor would they assume the neat spiral forms 
usually obtained with very thin shutters ; they would in fact 
become all diffused. We always used therefore shutters of 
very small thickness in studying the behaviour of the surface 
of discontinuity in water initially at rest. 

If a fixed heating coil of cylindrical shape is inserted in 
water and if the temperature of contiguous water is suddenly 
raised by passing through the coil a strong electric current 
momentarily (for about a second) then wc avoid the use of a 
shutter and introduce a temperature discontinuity before any 
appreciable motion ensues. By adopting this method we do not 
make a definite mass of water of some simple geometrical 
shape acquire a uniform but different temperature from that 
of the surrounding water. We merely make the layer of 
water next to the electrically heated surface to have a non- 
uniform but different temperature from that of the surround- 
ing liquid. This layer being lighter travels upwards as a 
discontinuous mass and traces a surface of discontinuity 
roughly of the kind traced by a jet. 

Some experiments were made with a hollow clyindrical 
heater such as are now manufactured on a commercial scale 
for heating water and given the name “eltron.” When a 
colour line is made to trace the up-rising surface of disconti- 
nuity, it is seen to assume a wavy form and end as a spiral in 
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Table V. 


Plane discontinuity: Temp. diff. l^'O. 

Tank : Length 44'2 cm. x breadth 15*6 cm. x height 23*0 om. 

Cold column : Length 6*5 cm. x breadth 15' 6 cm. x height 17*7 cm. 

Warm column : Length 35*5 cm. x breadth 15*6 cm. x height 17*7 cm. 

The figures given in columns 3 and 4 are from the photo- 
graphs. They should be multiplied by 2 4 to convert them 
to actuals. 


Photograph 

No. 

Velocity of removal of 
shutter, cm. /sec. 

Amplitude 
( X 2*4 cm.). 

Wave-length, 

{ x2*4 cm,). 

40 

! 2-93 

0*3 

1*6 


1 

0*4 

1*6 


t 

0*4 

1*6 



0*4 

0*9 



0*5 


41 

4*20 

0*25 

1*0 



0*3 

ro 



0*35 

1*2 



0-3 

1*1 

1 


0*3 


42 

613 

0*2 

0-8 



0*2 

0*9 



... 

0*8 



• 1 . 

1*0 



... 

0*8 

48 

700 

0*1 




0*16 

0*7 (average) 


Cylindrical discontinuity : Temp. diff. 3®C. 

Tank : Length 19*8 cm. x breadth 17*0 cm. x height 20*0 cm. 
Depth of water : 17*5 cm. ; Diameter of Cylinder : 6*4 cm. 


44 

3-00 

0*3 1 

1*5 



0*3 

1*0 



0*4 

0*9 




0*9 

46 

5*26 

0*2 

08 



0*2 

1*2 



0*3 

0*9 



0*3 


46 

6*00 

0*1 

0*6 



0*1 

0*7 



0*2 

0*6 



0*2 

0*7 



... 

0*9 



... 

0*9 
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the early stage, like that in the case of a jet (fig. 34 of 
Plate XI). In the later stage, that is to say, with further 
travel upwards, the end becomes diffused (fig. 36 of Plate XI). 
The form of the surface of discontinuity upto a certain height 
above the cylinder is very similar to that obtained in the early 
stage with cylindrical shutter by the method previouly 
described. 

In experiments with plane shutters, the depth of the 
liquid was about 19 cm. and with cylindrical shutters, about 
18 cm. If we make the depth of the liquid larger then we 
increase the pressure difference in the lower part of the surface 
of discontinuity. This would make the relative velocity 
between cold and warm water larger and would bring a thicker 
layer of each under mutual action. We would therefore 
expect theoretically that the vortices in the lower part would 
be bigger in dimensions. This is what experiments also 
indicate, as can be seen from the figures given in Table VI. 


Table VI. 


Cylindrical Discontinuity. 


Photograph 

Dumber. 

1 

1 

Temperature. 

Length of 
cylindrical 
discon- 
tinuity, 
cm. 

Successive 

vortices. 

loside '"C. 

Outside ®C. 

Wave- 

length, 

cm. 

Amplitude, 

om. 




17-6 

1-62 


47 

26*0 

30*6 


1*86 











30-0 

f 3*40 

0-86 

46 

26*0 

30-5 


3*06 

1-02 





2*38 

I 1*02 





3*74 

1*36 






180 
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PART II. 

Thermal Discontinuity in a Moving Liquid. 

6. Experimental arrangement for introducing a thermal 
discontinuity in moving liquids. 

We can generate a surface of discontinuity by making 
a current of water at a certain temperature flow through 
water at another temperature, the latter being either 
stationary or in a state of motion. When this method is 
adopted it is impossible to avoid the effect of divergence 
or convergence of the surface of discontinuity. What we 
mean by this statement is explained by figs. 52, 53, 54 and 
65 of Plate XV. Fig. 62 of Plate XV illustrates the flow of a 
current of cold water through still water at the same temper- 
ature, while fig. 63 illustrates the flow of a current of warm 
water through still water at a much lower temperature. The 
directions of flow in both cases have been indicated by arrows 
in the margin of the photographs. The precise character 
of the motion is explained clearly by the diagrams in fig. 17. 
In both cases the current is made to pass through a rec. 
tangular channel and enter into a wide vessel of cylindrical 
shape and filled with water and then to exit into a similar 
channel diagonally opposite. AU comers joining the channels 
with the wide vessel are rounded off and made to have 
stream line shapes. The channel and the vessel in horizontal 
and vertical sections are shown in fig. 16. The current in 
the channel is generated by allowing water under a certain 
“head” to fall flatly on the portion AB and then pass 
through a pair of fine wire mesh. The effect of wire meshes 
is to smooth out the disturbance due to the fall and to give 
rise to a uniform stream line motion through the channel. 
This is easily tested by colour lines. 



vNERJI <© GHATAGE 


PLATE XV 





Fig. 52. Showing ihe movement of a current of water through still water at 
.same temperature. 

Fig. 53. Showing the movement of a current of w^ater through still water at 
lower temperature. 

Figs. 54, 55. Showing the effect of sudden enlargement on a current of water. 
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^ HOR/iONTAi. section 





It is seen from fig, 52 of Plate XV that the surface of 
discontinuity formed by a current of water flowing through 
still water at the same temperature tends to converge. Pig. 
53 of Plate XV, on the other hand, shows that a current of 
warm water flowing through still water at a lower temperature 
will make the surface of discontinuity diverge. The conver- 
gence in the former case is purely the effect of the resistance 
offered by the still water to the current, while the divergence 
in the latter is due to the warm current ascending and spread- 
ing over the cold still water. 



fivJ7 


It is important to realise that when the corners are 
rounded off, the well-known effect of a sudden enlargement 

6 
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on a current of water is to a great extent minimised. When 
a current is allowed to expand suddenly in a rectangular 
chamber in which the corners have not been rounded off 
the pattern obtained is shown diagrammatically in fig. 18. 
In fig. 64 and 66 of Plate XV have been given two photo- 
graphs of the distribution of stream lines obtained under an 
arrangement of this kind. This is much more complicated 
than the type given in fig. 62 obtained under nearly the 
same temperature conditions. Nevertheless, even when the 
corners are rounded off this effect of expansion is present to 
a certain extent. In designing arrangements for introducing 
thermal discontinuites in moving liquids, it is important to 
eliminate this effect as far as possible. 



Fiyia 



The arrangement used by Prandtl and others for the 
study of velocity discontinuities, with suitable modifications, 
appears to be the best for velocity as well as thermal disconti- 
nuities. This is shown diagrammatically in fig. 19. The 
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main apparatus consists of a T-shaped rectangular channel. 
The two side channels of section (5 in. x 6 in.) are about 3 ft. 
long and are made to meet at different angles in different 
apparatus. For most of the experiments the angle chosen was 
10 degrees. The end of the wedge at 0 was carefully rounded 
off. The width of the joint channel is exactly double the 
width of the two side channels. Two streams, * warm ’ and 
‘cold,’ flowing through the side channels, meet each other at the 
joint channel. Under this arrangement the combined stream 
undergoes no expansion. CD and C'D' are the two vertical glass 
windows and are used for taking photographs of the vertical 
section. The part OC'DD' at the bottom is also fitted with a 
glass window for taking photographs of horizontal section. 
S is a perforated partition fixed at the open end of the joint 
tube. Different heights of this partition give different 
depths of water in the channel. The free ends of the side 
tubes are completely closed and a pair of fine wire gauge 
partitions (AB, A'B') are used to give stream line flow in the 
channels, Tj and T 2 are two thermometers and are used to 
record the temperatures of the fluids in the two channels. Y- 
shaped vessels of larger dimensions but of similar design were 
also used in order to vary the conditions of the experiments. 

In order to get a steady flow, ‘ cold ’ as well as ‘ warm ’ 
water is brought in to the channels from two reservoirs under 
constant heads. The reservoirs used are very similar to 
Mariotte’s bottles [fig. 19 (b)]. A large bottle, with an open- 
ing at the bottom, is fitted with a tight-fitting cork, through 
which pass two tubes, one short and the other long. The 
shorter tube is joined to the tap and the longer one is open to 
the atmosphere. When the water level in the bottle is above 
the lower end of the longer tube, the head of water which 
forces the water through the opening at the bottom is equivalent 
to XT [fig. 19 (b)], and is independent of the water level. 
Water from such a bottle was allowed to fall in the channel 
through a broad opening extending over the entire transverse 
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section of the channel. The supply of warm water was obtain- 
ed from a tank heated by means of gas stoves to the required 
temperature. 


H0R20NT/1L SECTON 



< 0 .) 



Fi!-f9 


The quantities of water entering in the channels were 
regulated by means of screw-cocks and the flows tested to see 
if they gave straight stream-lines in the channels before 
photographs of the surface of discontinuity were taken. 

The entire surface of the channels, except the glass 
windows, was painted white and the motion at the 
surface of discontinuity was traced by introducing 
colour in a suitable manner. Photographs of the 
horizontal section, were taken by means of a mirror, 
fixed above the apparatus, at an angle of with the 
horizontal and exposing the camera to photograph the image 
in the mirror. Both sunlight and artificial light from power- 
ful electric lamps were used for photographic purpose. The 
vertical section of the phenomena at the surface of dis- 
continuity was photographed through the side glass windows. 
For this purpose one of the windows was covered with a thin 
white paper and illuminated by sunlight. In both the cases 
a scale was included in the field to be photographed to furnish 
the necessary reduction factor for the purpose of measure- 
ment. 
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Besides instantaneous photographs of horizontal and verti- 
cal sections, photographs were also taken of the paths of indi- 
vidual particles. For this purpose, the inside of the apparatus 
was painted black, and the liquid in the channel was illumin- 
ated through the side glass windows by means of sunlight 
coming through a narrow but long horizontal slit. A tiny 
white particle having the same specific gravity as that of 
water was dropped at a specific point of the surface of dis- 
continuity. When the surface of water was viewed from above 
in a dark room, nothing could be seen except the particle 
which was rendered dazzling white by the sunlight and 
appeared as a bright point in the camera. To photograph the 
path of the particle, a time exposure was given. 

The velocities of the currents in the two channels 
were measured by noting the time required for a light floating 
particle to traverse a certain known distance. 

7. General discussion of the phenomena observed at the 
surface of discontinuity hcticcen cold and warm currents. 

When two streams at different temperatures flowing in 
different channels meet each other, the surface along which 
they meet is not a vertical plane. It is a three-dimensional 
surface, and its shape depends on (1) the initial velocities of 
the two currents, (2) the angle between the two currents, (3) 
the temperature difference between the two currents, 
and (4)) the time which has elapsed since the two currents 
met each other. The warm current being lighter ascends 
over the cold current and consequently the upper boundary 
of the surface of discontinuity is over the cold current ; 
with the march of time when the surface of discontinuity has 
become diffused the warm current advances slowly towards 
the direction of the cold along the outer edge of the 
channel. On the other hand, the cold current being denser 
undercuts the warm current and consequently the lower 
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boundary of the surface of discontinuity is below the 
warm current and remains almost stationary or advances 
very slowly towards the direction of warm current owing 
to the friction of the bed of the channel. Pigs. 69 and 60 of 
Plate XVI show the upper and lower boundaries of the surface 
of discontinuity as viewed from above in relation to the wedge 
which separates the two currents. The disturbance is greatest 
in the upper boundary and least in the lower boundary. Pig. 

66 of Plate XVI shows clearly that the motion at the upper 
boundary of the surface of discontinuity is precisely of 
the same type as we found in the case of plane 
discontinuity or cylindrical discontinuity in water which 
was initially at rest. As we move from the wedge in the 
direction of the current, we find a progressive growth in 
the vortices and this is accompanied by an increase in 
their dimensions. In the direction of the current there is 
an increase of amplitude as well as wave-length of the surface 
of discontinuity. The neat and almost perfectly symmetrical 
pattern as seen in this picture is attained only when the inci- 
dent currents flow in stream lines with uniform velocity along 
the entire length of each channel. Non-uniform velocity in 
the incident currents or any disturbance in either or both of 
them is always associated with asymmetrical or diffused 
pattern of vortices at the surface of discontinuity. 

In fig. 66 of Plate XVI, the temperature difference between 
cold and warm currents was only ICO. When the tempera- 
ture differnce is greater, the form of the vortices, viewed from 
above (horizontal section), is shown in the photographs figs. 

67 and 68 of Plate XVI. It is seen that there is greater diffu- 
sion in figs. 57 and 58 than in fig. 56, but figs. 56, 57 and 68 
are not strictly comparable for the exposures were not given in 
the three oases after the lapse of an equal interval of time 
since the two currents first met each other. The longer the 
time the two currents remain in contact with each other, the 
greater is the diffusion, inspite of the continuous renewal of 
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the supply. The sharpness of the temperature contrast at the 
surface of discontinuity diminishes gradually and consequently 
the vortex pattern undergoes a change. This is clearly shown 
by the photographs in Plate XVII (figs. 61, 62, 63 and 64). 
These photographs were taken at 45 secs., 60 secs., 75 secs, and 
90 secs., respectively, after the two streams met each other. 
They, therefore, show the growth and movement of the vortices 
with time as viewed from above. The initial temperatures of 
cold and warm currents were 26°0. and 41®0. respectively. It 
is seen from the successive photographs that with the advance 
of time, the vortices not only increased in dimensions but they 
became more and more diffused. 



To understand completely the nature of the motion 
involved in the production of the vortices on the three-dimen- 
sional surface of discontinuity, it is necessary to analyse the 
motion both in the horizontal and vertical sections. An 
analysis of all the photographs of the horizonal section taken 
under different conditions suggests that the horizontal section 
of the vortex near the upper surface is of the type shown 
diagrammatically in fig. 20. Figs. 65 and 66 of Plate XVIII 
give two photographs of the stream lines on the discontinuous 
surface projected on the vertical plane. Owing to the difficulty 
of introducing colours in a vertical section, the filament lines 



212 


S. K. BANERJI AKD y. M. GHATAGE 


are faint in the photographs. The drawing given below each 
photograph shows the nature of these lines. When the 
pictures of the horizontal and vertical sections are combined, 
the motion is of the kind as shown in perspective in Fig. 21. 



It will be seen from the photographs that at the surface, 
near the wedge, the discontinuity has a wavy form. Further 
away each crest has developed into a spiral vortex, the growth 
being more and more as we move away from the wedge. As 
a rule the crests show greater development than the troughs. 
The direction of rotation of a vortex becomes opposite accord- 
ing as the supply to the core comes from the warm or the cold 
current or the turning moment is one way or the other accord- 
ing to the directions of the relative flows, which do not always 
maintain their original directions owing to the various disturb- 
ing influences which operate on the original currents. To 
picture the motion in three dimensions, one has to remember 
that the surface of discontinuity has a *warm* side and a Wd* 
side. At the warm side there is an upward motion overrunn- 
ing the cold current, and at the cold side there is a downward 
motion under-cutting the warm current. While this is the 
general character of the motion at a little distance away on 
either side of the three-dimensional surface of discontinuity, the 
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motion is more complex very close to the surface of disconti- 
nuity. At the core of a vortex the motion is minimum and the 
intermixing has apparently been greatest during the process 
of its formation. Oonsequently the temperature at the core 
is generally lower than that of the immediately surrounding 
water. Moreover, in a crest vortex the supply to the core 
comes from cold water. The core will therefore have a tendency 
to sink down and if it is over the warm side of the surface of 
discontinuity, the drop will be fairly rapid. The sinking down 
of the core is distinctly shown by the photographs 65 and 66 of 
Plate XVIII. The sinking does not occur vertically downwards 
but along an inclined line in the warm side almost parallel to 
the surface of discontinuity. The sinking of the core can be 
recognized by means of the faint lines proceeding from some 
of the cores towards the warm side in the horizontal picture 
56 of Plate XVI and also in the pictures 57 and 58 of the same 
Plate. While sinking downwards, the line may be caught in 
the whirl and become a * spiral ’ lower down the surface or 
undergo a complete turn and move in the direction of the 
general current. Complete evidence for the character of the 
motion as shown diagrammatically in fig. 21 can thus easily be 
found from the photographs given in Plates XVI and XVIII. 


8. The growth of vortices at the surface of discontinuity. 

The growth of vortices as we move from the wedge in the 
direction of the current can be seen from the numerical data 
given in Tables VII and VII L It will be seen from the last 
two columns of Table VII that not only there is an increase in 
the diameter of the vortices in the direction of the currents 
but there is also an increase in the number of convolutions. 
Regarded, as a double row of vortices, it is seen from 

Table VIII, that the quantity wa^ien^ has very nearly the 

7 
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Table VII. 


Photo 

Number. 

1 

mperature 

‘‘C. 

Warm, j Diff. 

• 

Distance from 
the wedge in 
cm. (nctiial). 

Diameter of the 
first convolutions 
in cm. (actual). 

No. of convolu- 
tions 
(27r X n) 
n. 

1 

26'l) 

37-0 

12 

6*1 i 


0*88 





7-0(1 

1-04 

1-00 

2 

25 '0 

42-f) 

17 

6-43 

0-30 

l-()0 





8*14 

0-39 

1-26 





10-42 

l)*63 

1 31 

3 

25-0 

43-0 

18 

4-14 

0-24 

115 





614 

0*31 

1-25 





6*()0 

0*37 

1*75 

4 

26‘0 

46-0 

19 

6-64 

0-18 

1-26 





8-46 

0-24 

... 





12-00 

0-33 

1-60 

6 

26'0 

46-0 

2U 

4-16 

0-16 ^ 

1*37 





6-64 

0-22 

1-60 





6-16 

0-36 

1*50 





8-46 

0-42 

1*26 

6 

26-0 

46-0 

21 

4-00 

0-14 

1*40 





6-43 

0-24 

1*67 





8-14 

0-31 

1*60 





11-71 

0-87 

2*00 

7 

26*0 

48*0 

22 

4-29 

0-12 

1*76 





6-43 

0-18 

1*75 





8-29 

0-27 

2-00 
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Temperature. Vortex num- Distance be- Wave-length, Amplitude, 

*0. ber counted tween aucces- cm. cm. 

in the direc- sive crest 

I 1 tion of the and trough ns I ns I 


Cold. Warm.! Diff. 


current. 


vortices, 

(cm.). 


26*0 87 0 


26-0 42-0 


26 0 43 0 


25 0 46 0 




1-4 1-4 0-6 0*4 




0-G 0*3 


Mean ... 0’28 
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E^rm&n value. It is probably this fact which accounts for 
the stability of this type of vortices. 



*6 n ^ ^ ~ ji n 

pi^ffRewct IN TEMrt)?flru«ts Twr of discontinuitv ;n ®c. 

22 


When the number of convolutions in the first vortex, 
nearest to the wedge, is plotted against the difference of 
temperature at the surface of discontinuity we get the curve 
A in ffg. 22. From the trend of the curve, we can see that 
for temperature difference lower than 10°C, there is very slow 
increase in the number of convolutions with increase in the 
difference of temperature but for greater difference of tempera- 
ture, the number of convolutions undergoes a rapid increase 
with increase in the difference. 

In the same figure (fig. 22, curve B), the diameter of the 
first vortex has been plotted against the difference of tempera- 
ture at the surface of discontinuity. It will be seen that the 
diameter increases rapidly with decrease in the difference of 
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PLATE XVIII 



Sho\x ing the filament lines oil the disconfiiuious surface projected on a vertical plane. 

0\^'ing to the difficulty of introducing colours in vertical sections, the lines are faint in the photographs, 
the draxiings given below' each photograph show the nature of these lines. 
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temperature. The curve in fact becomes asymptotic to the 
diameter-axis. These results agree with those previously 
obtained for plane and cylindrical discontinuities in still 
water. 




In fig. 23, the diameters of the first convolution in the 
successive vortices have been plotted against their distances 
from the wedge for various differences of temperature at the 
surface of discontinuity. These curves clearly suggest that the 
diameters of the vortices in any row become greater ^e lower 
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the difference of temperature at the surface of discontinuity. 
As a consequence of this law we would naturally expect that 
a larger number of vortices would appear on any photograph 
if the temperature difference at the surface of discontinuity is 
greater, provided the photograph includes the same range of 
the surface of discontinuity in the channel. Fig. 24, in which 
the total number of vortices appearing in any photograph has 
been plotted against the temperature difference at the surface 
of discontinuity, shows that this is so. 

9. The slope of the surface of discontinuity. 

The slope of the surface of discontinuity has an intimate 
relationship with the dimensions of the vortices. Pigs. 67, 
68, 69 and 70 of Plate XIX give the slope of the surface of 
discontinuity between cold and warm currents for various 
differences of temperatures. Por obtaining these photographs, 
colour was introduced along the extreme end of the wedge in 
such a way that a trace was obtained of the lower boundary of 
the surface of discontinuity beginning from the wedge down to 
the bed of the channel. This lower boundary of the surface of 
discontinuity is one of minimum disturbance. Consequently 
the colour lines remain more or less stationary for an apprecia- 
ble time. The photographs represent the sideway views, that 
is to say, the projection of the slope on a vertical plane. In 
these photographs the cold and warm streams meet each other 
at an angle of 10 degrees. 

It is easily seen from figs. 67 to 70 of Plate XIX, that as 
the temperature difference at the surface of discontinuity 
increases, its inclination to the horizontal increases. In fig. 
70, the temperature difference is greatest and the slope of the 
surface of discontinuity is greatest, while in fig. 67 the tem- 
perature difference is least and the slope is also least. The 
actual inclination of the lines in relation to the temperature 
difference is given in Table IX. 












ON DISCONTINUOUS FLUID MOTION 


219 


Table IX. 


Photo 

number. 

Difference of temperature 
in degrees Cent* 

The angle made by the surface 
of dis^ntinuity with the 
horizontal (degrees)* 

8 

16 

m 

9 

12 

20 

10 


8 

11 

7 ; 

5 


Table X. 


Photo 

number. 

Instant of exposure 
after the two streams 
met each other 
(sec.). 

Initial temperature 
difference 

1 *0. 

I 

Angle made by the sur- 
face of discontinuity 
with the horizontal 
(degrees). 

12 

105 

16 

20 

1 

13 

226 

16 

12 

14 

60 

17 

30 

16 

180 

17 

20 


We have seen before that greater is the temperature 
difference at the surface of discontinuity, the smaller are the 
dimensions of the vortices. We thus obtain the result that 
greater the slope of the surface of discontinuity, the smaller 
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are the dimensions of vortices. The very small slope of the 
surface of discontinuity in the atmosphere and the small 
temperature difference undoubtedly account for the enormous 
dimensions of atmospheric cyclones. 

Obviously with increase in time, the temperature differ- 
ence at the surface of discontinuity undergoes a diminution. 
We would therefore expect the surface of discontinuity to 
become more and more horizontal with increase in time. This 
is clearly shown by the photographs, figs. 71 and 72 of Plate 
XJX. The photograph in fig. 71 was obtained one minute and 
that in fig. 72 three minutes after the two streams met each 
other. The former shows greater slope than the latter. The 
actual change in the inclination of the surface of discontinuity 
with time has been given for two typical cases in Table X. 
We have already noted that with increase in time the vortices 
at the surface of discontinuity undergo an increase in dimen- 
sions and we can now associate this fact also with the decrease 
in slope. 


10, The change in the surface row of vortices and its 
direction with time. 

We have already pointed out that the surface row of 
vortices or the upper boundary of the surface of discontinuity 
lies over the cold current and makes a definite angle ^ with 
the common axis of the channel [see fig. 19 (c)]. This angle 
depends on the temperature difference between the cold and 
the warm currents and also their relative strengths. Since with 
the advance of time, the temperature difference at the surface 
of discontinuity undergoes a diminution, the angle iff also under- 
goes a change. In the beginning it decreases rapidly and 
then becomes more or less steady. The changes in the row of 
vortices as well as in the angle i/t with the advance of time 
have been given in Table XI for one typical case. 
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Table XI. 

Angle at wedge : 10® 

Velocity of warm current : 2*6 era. /sec. 
,, cold current : 1 '6 cm. /sec. 
Cold stream : 26*0®C. 
Warm stream : 41*0®C. 


Photo 

number. 

Instant of exposure 
after the two cur- 
rents met each 
other in sees. 

1 

1 Distance from 
the wedge in cm. 
(actual). 

Diameter of 
the vortices 
(actual) cm. 

Numben of 
convolutions 
(2v K n) 
r». 

Total number of 
vortices which 
appear in the 
photo. 

The angle between 
the surface row of 
vortices and the 
axis of the wedge. 

19 

45 

7‘0 

1-7 

0’60 

1 

55 



l()-5 

1*8 

1*25 



20 

CO 

4‘8 

1*5 

i-nn 

ft 

48 



9-n 

2*0 

1-26 



21 

75 

3*8 

13 

1*25 

12 

48 



6*0 

1*5 

1*50 





6*7 

1*8 

1*50 





10*6 

3*0 




22 

90 

3*8 

1*5 

1*76 

13 

45 



7*2 

2*3 

2-00 

1 


J 

1 

12-6 

4-0 

2*25 




It will be seen from the above table that with the advance 
of time, the diameters of the vortices in the row undergo 
generally an increase. The angle which the row makes 
with the axis of the wedge is in the beginning 65°. It 
decreases to 48° after about 15 secs, and thereafter remains 
more or less steady at about 45 degrees. 

If we measure the angle ^ which the row of vortices 
makes with the axis of the wedge for various temperature 
differences, we obtain the results given in Table XII. 

8 
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Table XII. 


Angle at wedge : 10*. 

Velocity of warm current ; 2*6 cm. /sec. 
Velocity of cold current : 1*5 „ 


Photograph number. 

Difference of tem- 
perature in degrees 
Centigrade at the 
surface of disconti- 
nuity. 1 

Number of vortices 
appearing in the 
photo. 

The angle which the 
surface row of vortices 
makes with the axis of 
the wedge. 

1 

12 

3 

76 

16 

14 

7 

60 

2 

17 

9 

65 

3 

18 

16 

50 

4 

19 

17 

46 

6 

20 

19 

40 

6 

21 

21 

86 

7 

22 

24 

35 

17 

23 

23 

36 

18 

27 

28 

83 


The table shows that with increase in the difference of tem- 
perature at the surface of discontinuity, the angle which the 
row of vortices makes with the axis of the wedge undergoes a 
diminution. It is seen from fig. 25 that the angle diminishes 
very rapidly for smaller temperature difference, but for higher 
temperature difference, the diminution occurs slowly. One 
would expect that greater the difference of temperature the 
more the warm current would extend over the cold and conse- 
quently the angle \/> should undergo an increase. One should 
also expect that with the lapse of time the warm current 
should spread more and more over the cold current and conse- 
quently the angle i/i should also increase. But the observations 
give quite contrary results. These facts are readily seen to 
agree with the variation of the slope of the surface of disconti- 
nuity with increase in temperature difference. We have 
seen that the warm current rises more abruptly upwards over 
the cold, the greater the temperature difference, thus giving a 
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greater slope to the surface of discontinuity. If the slope be- 
comes greater the angle ^ must necessarily become smaller. 



TfMPEI^flTUFf Difrt' HENCE iN ®C. 
Fi, 15 


An explanation of the observed results can be easily ob- 
tained by an application of the equation of continuity in an 
approximate manner. Let us refer to fig. 19 (c). Let OL' 
represent the upper boundary of the surface of discontinuity, 
that is to say, the direction of the surface row of vortices. 
Let OP represent the lower boundary of the surface of dis- 
continuity. 

If we draw a vertical plane ON so as to divide the “mass” 
of water included between the vertical planes through DD' 
and LL' equally, then we can consider approximately that the 
mass of water which enters through the vertical face OD 
passes through the vertical face NL and the mass of water 
which enters through the vertical face OD' passes through the 
vertical face NL', We can take the average density of 
water passing across the face NL to be approximately the 
same as the average density of water passing across the 
face NL'. We can assume that as a result of intermixing 
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the velocity of water has approximately a uniform value 
across the face LL'. 

Let us take 

DO=D'0 = o = breadth of ‘ cold ’ or ‘ warm - channel. 

LN = c, L'N = d, OU = l, 
angle MON = ^. 

Therefore 

c + d = 2(( , (1) 

tan 6—~^. (2) 

Let = velocity of the warm current, 

»!2 = the velocity of the cold current, 
h = depth of water, 

Pi=density of warm water passing across face DO. 

P2=deu8ity of cold water passing across face D'O, 
r3=common velocity of water passing through the face LL', 
p3=eommon density of water passing across the face LL'. 

Now applying the equation of continuity to the volumes en- 
closed between the vertical planes DO, ON, NL, LD and 
between the vertical planes D'O, ON, NL', L'D', we get 

p^ahvi—p^chv^, 

P2ahv^=Psdhv3. 

Therefore 

c _2o^d 
PiV2 d d 

Let us suppose that Vi and remain constant and the density 
of cold water also remains constant. If we increase the 
temperature of warm water, then pi will decrease. Oonse- 
quently the ratio piVilp^v^ will decrease. We, therefore, see 
from (5) that the ratio (2a — d)/d will become smaller, d there- 
fore must become larger. We then get from (2), that 6 must 
become smaller. It, therefore, follows that increasing the 
difference in temperature will make 6 become smaller. 

Let the surface row of vortices make an angle i/r with the 
axis of the wedge. In other words, let ^ be the angle L'OM. 


... (3) 
... (4) 


( 6 ) 
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Then 

tau ^ 

Using (2) we get 

tan if/ = tan 8. ... (7) 

a — Cl 

We have seen that increasing the temperature difference will 
cause an increase in the value of dand decrease in the value of 
6. For both reasons therefore the right-hand side of (7) will 
become smaller. Increasing the temperature difference will 
therefore cause a decrease in the value of We thus obtain 
a qualitative explanation of the facts given in Table XII. 

11. Paths of particles at the surface of discontinuity. 

In order to elucidate further the nature of the motion at 
the surface of discontinuity, the paths of particles at the sur- 
face of discontinuity have been determined experimentally 
and these have been compared with those which would be 
obtained from theoretical consideration. For the experimen- 
tal determination of the paths of the particles, the 
channels for cold and warm currents were painted deep 
black and placed in a dark room. A few tiny white particles 
composed of magnesium bicarbonate and spermaceti so as to 
have almost the same dens ity as that of water were dropped 
at various points of the surface of discontinuity. Each of 
these particles appeared dazzling white when a horizontal 
beam of sunlight, entering into the room through a horizontal 
rectilinear slit, was allowed to pass through the glass windows 
of the experimental channels. As everything was painted 
black, nothing except the particles was visible. A photo- 
graph of the motion of the particles was obtained by the usual 
arrangement, that is, by having a mirror above the tank at an 
angle of 45 degrees with its surface and photographing the 
image. A time exposure was given so that as each particle 
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moved over the surface of discontinuity, it traced a dazzling 
white line. 

Figs. 73, 74, 76, 76, 77 and 78 of Plate XI represent some 
of the typical paths of particles. Fig. 73 represents the paths 
of the particles in the initial stage, that is to say, soon after 
the warm and the cold currents met each other. Pigs. 74 to 
77 represent the paths of the particles in the intermediate 
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stages of development of the vortices. Fig. 78 represents the 
paths of the particles at the final stage of dissolution ; that is 
to say, when the cold and warm currents have remained in 
contact with each other for such a long time that the surface 
of discontinuity has become very much diffused. 

To trace the theoretical paths of the particles, the progres- 
sive growth and movement of the surface of discontinuity have 
been shown by a series of 24 curves (carves 1-24 of Fig. 79) . 
These follow the law which holds in the case of an ideal discon- 
tinuity such as we would obtain byan application of the theory 
developed by Rosenhead. Each curve in the series shows a 
greater development of the surface of discontinuity than the 
preceding one and at the same time the surface of discontinui- 
ty is given a uniform translational motion. The starting posi- 
tions of 6 particles (covering a complete wave) are indicated 
by the five arrows A, B, C, D, E in Curve 1. The positions of 
these arrows are then traced in the successive curves. In any 
particular position of an arrow, its length is determined by the 
resultant velocity due to the translational motion of the wave 
system and rotation round the pole of the vortex, both being 
supposed to be uniform. By joining together the different 
positions of the arrows in the successive curves we get the 
paths of the particles. These are shown by the curves 
26, 26, 27, 28 and 29 of fig. 79. They will be found to 
have forms very similar to those given in Plate XX. 

12. Summary. 

The work of Prof. Prandtl and others shows that a sur- 
face of discontinuity in a fluid is unstable, that it changes into 
wave form and that the waves finally develop into three- 
dimensional vortices. The discontinuity may be one of 
motion, or of density, or both. While considerable work has 
been done under laboratory conditions regarding the pheno- 
mena involving discontinuity in motion only, very little work 
appears to have been done when there is discontinuity in 
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temperature or both in motion and temperature. In the present 
paper an investigation has been made of the phenomena 
observed at, and in the neighbourhood of, a surface of disconti- 
nuity of the latter class. A discontinuity in density was intro- 
duced by making a cylindrical or a rectangular column of 
water in a large tank to have different temperature from the 
adjoining liquid, while a discontinuity in motion as well as 
density was introduced by making two streams of water under 
different thermal conditions meet each other at various angles. 
In both cases the surface of discontinuity resolves itself into 
interesting patterns of three-dimensional vortices. The mecha- 
nism of these vortices, the relationship of their dimensions, 
vorticity, etc., with the temperature difference at the surface 
of discontinuity and its slope, the depth of liquid as well as 
the velocities of the incident currents and other factors have 
been studied in the paper by photographing in horizontal and 
vertical sections the stream lines obtained by colouring various 
parts of the liquid and by other measurements. The paths of 
the particles at the surface of discontinuity have been photo, 
graphed by a special method. 

The instability makes each crest or a trough take up the 
form of a breaker and then roll round itself. A succession of 
spiral-shaped vortices is thus produced. In the direction of 
motion, the vortices show a progressive increase in dimensions 
and number of convolutions. The greater the difference of 
temperature at the surface of discontinuity, or the greater its 
slope, the smaller is the diameter of the vortices. For very 
small difference of temperature the vortices have enormous 
diameters. The greater the difference of temperature at the 
surface of discontinuity, the more rapidly the vortices develop. 
Qualitative explanation of most of the results has been given 
by simple hydrodynamical methods or by means of the theory 
recently developed by Rosenhead. 


Thi Observatory, Bombay. 
March 23^ 1932, 
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On the Measurement of the Absorption Coefficient 
of some Indian Materials. 

By 

S. Kalyanaraman, M.A., 

Research Fellow, University of Madras. 

(Plate XXI.) 

(Received for PublicaLion, 29th March, 1931.) 

Introduction. 

In the course of the acoustic analysis of certain auditoria 
in Madras, a few materials were met with in those auditoria for 
which no acoustic data were available on account of their 
purely local origin. A few such materials were floor and 
door mats woven out of cocoanut flbre and also seat cushions 
stuffed with the same material. The sound absorption 
coefflcients for these materials had to be determined before 
the reverberation for these auditoria could be worked out. The 
Stationary Wave method using a Tucker Hot-wire Microphone ^ 
was adopted for measurement with certain modifications as 
regards the nature of the experimental pipe as well as the 
source of sound. Incidentally the absorption coefficients of 
certain other Indian materials like sawdust and paddy-husk 
have also been determined to find out if cushions stuffed with 
these materials could be used as efficient sound absorbents. 

^ E, P. Parisi Proo, Phy. Soc., VoL 89, 1927. 

9 
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Principle of the Method. 

When sound of a constant pitch and intensity is produced 
at one end of a long cylindrical pipe, the other end of which 
is closed by a good reflecting surface, stationary waves are set 
up inside the pipe with points of maximum and minimum 
pressure variations separated by a distance of a quarter |of a 
wave-length of the incident sound. If A be the amplitude of 
the incident wave, the amplitude of the reflected wave is also 
equal to A, and hence the amplitude in the stationary wave is 
equal to 2 A at the loops and zero at the nodes. If on the 
other hand, the surface closing the farther end of the pipe 
were sound-absorbing, the amplitude of the reflected sound 
is not A, but some fraction of it, and if B be this amplitude, 
then we get inside the pipe a type of imperfect stationary 
waves with a maximum amplitude of A+B at the loops, and 
a minimum amplitude of A - B at the nodes, the nodes and 
loops being separated by a quarter of a wave-length as before. 
Corresponding to the amplitudes A and B of the incident and 
reflected waves, the energy of the incident sound is propor- 
tional to A® and that of the reflected sound to B®, and hence 
the ratio of energy of the sound absorbed to the incident 

energy® — and this has been defined as the coefiBioient 

of absorption. To determine A and B, the ratio of the 
maximum to the minimum amplitude in the stationary wave 
system is measured by means of a microphone or a Bayleigh 

disc resonator. If this ratio is ^ , then ^ ^ ® 

h h A — B 

the absorption coefficient 

A 8~B* _ 4ob _ 4 

A* (a +6)* 2+ + — 

JT » 
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Previous Work by this Method. 

A large number of determinations of absorption co- 
efficient have been made by previous workers using this method 
of stationary waves with slight modifications in the nature of 
the experimental pipe, the source of sound, or the method 
adopted for comparing the intensities at the nodes and loops 
of the pseudo-stationary wave. J. Tuma * of Vienna has used 
an ordinary listening tube for comparing the sound intensities. 
Weishbach ® used in his measurements a wooden experimental 
pipe and an electrically maintained tuning fork as the source 
of sound. The maxima and the minima of sound were 
measured by an electromagnetic microphone and a string 
galvanometer. Next come the experiments of Taylor. ® His 
experimental pipe was also a wooden flue and the source of 
sound an organ-pipe. A Rayleigh disc instrument was used 
for measuring the sound intensity. Sound from inside the 
flue-pipe was led to the measuring instrument by means of 
an exploring tube. Eckhardt and Chrisler * have used a 
loud-speaker for the source of sound and a telephone for 
comparing the pressure amplitudes. They were able to 
measure the absorption coefficient for notes of frequencies of 
the order of 2000 and 3000 which have not been reached by 
the previous experimenters. Their experimental pipe was 
tuned to the frequency of the source in each case which has 
been considered unnecessary by Paris. Paris® has used a 
loud-speaker actuated by a valve oscillator as the source of 
sound and a tuned hot wire microphone for measurements. 
Davis and Evans ® at the National Physical Laboratory have 


> Toma, Wien, Ber., Ill, 402 (1902). 

* Weisbakchy Annalen der Phys., 33, 763 (1910). 

3 Taylor H. 0^. Phys. Rev., 2, 270 (1913). 

4 Eckhardt and Chrisler, Bureau of Standards Sci. Papers, No. 626 (1926), 
3 Paris E. T., loc. ciU 

Davis and Evans, Proc. Roy. Boc., London, 89 (1930), 
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measured the absorption coefficient using a loud-speaker 
actuated by a valve oscillator as the source of sound and a 
moving coil loud-speaker movement for measuring the sound 
intensity. 


The Author’s Method. 

In the method finally employed by the author, 
the essential differences from the practices of the previous 
workers are (1) the use of a long rectangular box mounted on 
insulating rubber corks in place of the usual cylindrical 
earthen-ware pipe, (2) the use of a valve-maintained tuning 
fork as the source of sound by which the question of the cons- 
tancy of the pitch of the sound during a course of observa- 
tions was solved easily, (3) the maintenance of the intensity of 
sound at a steady value by the use of a milliammeter in the 
amplifier circuit of the source. A tuned hot-wire microphone 
was used for measuring the sound intensity at the nodes and 
at the loops. 


EaperimcnLal Details. 

The Source of Sound. 

The source of sound was a valve- maintained tuning fork, 
the out-put from the valve circuit being amplified by a Push- 
pull amplifier of amplification factor over 3000. The loud- 
speaker was an electromagnetic high resistance one with a 
moving diaphragm. The intensity of sound from the loud- 
speaker was controlled by means of the filament rheostat of 
the amplifier, so that in the position of a node the microphone 
indicated a resistance change of about 25 to 30 ohms. 
Throughout a set of observations this intensity of sound was 
maintained constant as indicated by the steady reading of a 
milliammeter in the plate circuit of the last valve of the 
amplifier. 
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The Experimental Box. 

It is a long rectangular box of teak-wood (Plate XXI 
gives the set-up of the complete apparatus) 12 ft. in length and 
ft. square section and mounted on rubber-corks to prevent 
the vibrations of the floor affecting the microphone mounted in- 
side the box. The box is of sturdy construction with planks 1^" 
thick and ribbed in the four corners longitudinally with ribs 
2" square section. The upper side of the box is provided 
with doors one near the end where the specimen is mounted, 
and another near the middle to enable the readings of the 
positions of the microphone to be taken on a mm, scale fixed 
along the length of the box. To enable the microphone to be 
moved along the box, the microphone was mounted on an 
ebonite block with sloping sides so that the block could slide 
easily between two wooden strips fixed parallel to each other. 
The sides of the strips were made smooth and graphited so 
that the microphone could slide without jerk. Movement of 
the microphone was effected from the open end of the box by 
means of an endless loop of thin book-binder’s t ivine passing 
round pulleys (Fig. 1). 



By this arrangement the microphone could be moved easily 
even by a millimetre at a time. 

The end of the box to which the specimen was to be fixed 
was lined with a thick layer of felt and the absorbing speci- 
mens supported on teak'wood planks 1" thick were screwed 
on to the box. 
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The Microphone. 

The microphone used was a tuned hot-wire microphone • 
the grid for which was obtained from Messrs. Sullivan & 
Go., London. The grid is a fine platinum wire bent into four 
loops and supported round a small glass-enamel rod fixed 
diametrically across the circular opening in a mica plate. The 
two terminals of the grid are soldered on to two silver foils 
one on either side of the mica plate. These two foils serve as 
electrodes for the grid. The grid was mounted in a cell pro- 
vided with an adjustable resonator for tuning. The micro- 
phone cell was carried on an upright rod fixed to an ebonite 
block which slided in the groove along the length of the box. 

Preliminary Experiments. 

The suitable heating current for the microphone had to 
be determined by a preliminary experiment. The micro- 



P k Ratio arms of a P. 0. Box. 

R, The rheostat arm in series wii^h a resistance wire for final adjostments. 
Rh. A rheostat for controlling the current through the grid. 

Af. Microphone. 

M.i4, Milliammeter. 

G* Micro- galvanometer. 


8 A Selective Hot-Wire Microphone, Tucker k Paris, Phil. Trans. A, 221| 389 (1021). 
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phone was arranged in a Wheatstone’s circuit (Fig. 2) using 
a battery of sufficient voltage to give the desired heating 
current through the microphone. After securing the bridge- 
balance, when a sound of constant pitch and intensity 
was produced in front of the microphone, a deflection was 
produced in the micro-galvanometer in proportion to the 
change of resistance undergone by the microphone. The heat- 
ing current was adjusted such that the deflection in the 
galvanometer was a maximum for a sound of constant inten- 
sity. This optimum working current was found to be about 
30 milliamperes whereas the maximum safe current for the 
grid specified by the makers was 46 milliamperes. For currents 
more than 30 milliamperes the deflection was not only less 
but unsteady. 

Next the resonator attached to the microphone cell was 
tuned to the pitch of the sound (ifiwquency 384) intended to 
be used for the experiment. The same arrangement of 
apparatus as adopted in the previous case was used, and the 
resonator volume adjusted to give the maximum deflection in 
the galvanometer. 

Before proceeding with the determination of the absorp- 
tion coefficient, it was thought desirable to study the nature 
of the nodes and loops in the experimental pipe with a perfect 
reflector closing the farther end. For it has been pointed out 
by Davis and Evans ® that the nodes and loops were well- 
defined only in pipes of circular section, and since the experi- 
mental pipe used by the author was of square section, the 
above investigation was thought necessary. The working 
microphone was fixed inside the box and the compensating 
microphone outside it with its mouth closed with a plug of 
cotton wool. The following electrical connections (Fig. 3) were 
adopted for measuring the change in resistance of the active 
microphone. 


^ Davis and EvanSi Joe, cit. 
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Bi and Bg batteries 6 volts each; Eh. rheostat 118 ohms ; 
0. M. compensating microphone ; A. M. active microphone ; 
M. A. railliammeter ; R] and Rj resistance boxes including 
a decimal box ; G. a micro-galvanometer. 

After making sure that the required current was passing 
through the microphones, balance in the sensitive galvanometer 
was secured by adjusting the position of the movable contact 
of the rheostat. The loud-speaker was next adjusted in front 
of the experimental box at a distance of a foot from its open 
end. The farther end of the box was closed by a brass plate 
thick. When the loud-speaker was put on, the bridge-balance 
was disturbed as indicated by a deflection in the galvanometer, 
and this was restored by introducing suitable resistance on the 
active microphone side. Now the resistance introduced in the 
circuit gave the change of resistance undergone by the micro- 
phone grid which is a measure of the intensity of sound at the 
neck of the resonator. Thus beginning from very near the 
closed end of the box the intensity of sound was measured for 
every 5 cms. till about 8 or 4 nodes and loops were passed, the 
loud-speaker working throughout at constant strength. The 
values obtained when plotted in a graph given below, showed 
that the nodes were really not well-defined, but that the loops 
were very . sharp. In the actual experiment, since 
the important measurements are to be taken all near a loop 
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region, and since in this region the microphone was sensitive 
to variations of its position even by a millimetre it was thought 
that the use of a pipe with a square section was not open to 
any objection. 



Measurement of Absorption Coefficients. 

Specimens Examined. 

Goir mats of coooanat fibre are manufactured on a large 
scale on the Malabar coast, and these are used ordinarily as 
door mats, and where it can be afforded, the whole of the floor 
is covered by suitable grades of such matting. The mat 
[Figs, (a) and {b) in Plate XXI] consists of closely packed 

10 
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bristles of the fibre, like a brush, held iu the interstices of a coir 
matting of the same material, or sometimes of longitudiiud 
strands of the material woven into particular patterns. These 
mats when dyed with different colours form suitable decorative 
coverings for the floor. Apart from their decorative aspect, 
their acoustic properties appealed to the author as worthy of 
measurement. Thus specimens of these mats were cut into 
square sections and mounted on suitable teak planks for 
backing them. These planks were screwed on to the experi- 
mental box during measurement. 

Paddy husk and saw-dust were two other materials that 
were examined for their sound absorption when in bulk. Since 
these materials were obtained in plenty in this country, it was 
thought that bags filled with these stuffs might be used in audi- 
toria for keeping down reverberation. Of course they cannot be 
used for seat cushions, since they are hard and get harder under 
pressure. A teak wood plank that could be screwed on to the 
box was provided with a ridge to a height of into which 
this stuff was filled and covered over with a cloth and nailed. 
The plank thus fitted up was screwed on to the box. 

Seat cushions stuffed with cocoanut fibre or cotton which 
are so common in all well-furnished auditoria were also 
examined for their sound absorption. They were stitched of 
specified dimensions to fit into the box and were backed by a 
teak wood plank as usual. 


Experiment. 

The same arrangement as was used for the study of tbe 
nodes and loops in the box was adopted. After the specimen 
WM florewed on to the farther end of the box, the loud-speaker 
was actuated at the other end and the position of the mIercK 
phone nearest to the specimen for a mlhimum resistance 
change was determined. Since in this position the resistance 
cAl^ge was too small to be measured, and since its absolute 
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value was also not necessary, it was thought sufficient to 
observe the deflection 8 produced in the micro-galvanometer 
included in the bridge arrangement. The microphone was 
next moved on to the position of maximum resistance change 
and this change of resistance E was determined by introduc- 
ing resistances on the active microphonf side to restore equili- 
brium of the bridge. I 

Now to convert these resistance ^changes into pressure 
amplitudes at the node and at the loop, |ihe method adopted by 
Tuma and later by Paris was followld. A stationary wave 
was formed by replacing the absorbent^, specimen by the metal 
plate. The microphone was moved to position of a node 
and the intensity of the sound of the lofud-speaker was adjust- 
ed till the resistance change in the grid corresponded to B. 
Since in a perfect stationary wave the change of resistance at 
the node is more than at the node of a pseudo-stationary wave, 
the loud-speaker intensity had always to be diminished to 
make the change equal to E at the node of the perfect station- 
ary wave. With this intensity of sound maintained constant, 
the microphone was moved on to a loop position and the dis- 
placement y of the microphone on either side of the loop re- 
quired to produce a deflection 8 in the galvanometer was deter- 

d 

mined. Now the ratio ^ of the pressure-amplitudes at the 
node and at the loop of the pseudo-stationary wave 
~ 8ip Ky ® absorption coefficient of the 

specimen 


2 + Cosec. Ky + Sin. Ky 


The wave-length of the sound used in the above calculation 
was obtmned by determining the position of two consecutive 
loops and multiplying the distance between them by 2. 
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Results. 

Table I gives the tabulated value of the results obtained. 
The results given are the average of readings obtained on seve- 
ral occasions. 


Discussion of Results. 

The floor mats [Figs, (a) and {b) in Plate XXI] have co- 
efficients of absorption ‘2 and *26 respectively. This is consist- 
ent with the difference in the making of the mats since the 
latter is of a denser variety and thus absorbs sound better. 
Used in large quantities where necessary for covering the entire 
floor they may be expected to add substantially to the total 
absorption in an auditorium. 

Coloured designs are generally woven on such mats 
[Fig. (6)] which make them resemble decorative cur- 
tains, and such mats can be used for covering even wall spaces. 
Saw-dust and paddy husk exercise nearly the same amount of 
absorption, about 0'35. Bags filled with these materials can 
be usad as efficient sound absorbents if present in auditoria in 
some unobtrusive corners. The cushion filled with the cocoa- 
nut fibre has a higher coefficient of absorption than the one 
filled with cotton. This is due to the too close packing of the 
material in the cotton cushion. The cocoanut fibre does nut 
allow of such close packing and as such gives a more porous 
and hence a better absorbing cushion. Use of such cushions 
in auditoria where additional absorption is necessary, will not 
only produce the desired effect, but add to their dignity and 
comfort. 



Table I. 
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Are Argon and Methane Molecules Optically 

Anisotropic ? 

Bt 

S. Parthasarathy. 

(Received for publication, 4th May, 1932.) 

Abstract. 

With a high-speed camera specially constructed for this work, the 
transversely scattered radiations from the gases argon and methane, 
excited by light polarised with electric vector parallel to the direction of 
observation were examined for polarisation with a quartz double-image 
prism. In each case, the scattered light was found to be unpolarised, 
thus establishing definitely that these molecules oscillate as anisotropic 
electric dipoles in the field of the light wave. If the atom radiates also 
as a magnetic dipole or an electric quadrupole, the contribution from it 
to the observed scattering is too small to be observed. An explanation is 
advanced tentatively, that this observed optical anisotropy might arise 
from atoms and molecules temporarily springing up into the excited state ; 
the normal and the excited states being different optically. 

1. Introduction. 

The normal state of the argon atom is expressed in the 
spectroscopic language by the term and a closed shell of 
eight electrons. It is therefore chemically inert, forming no 
compound. Observations on the dielectric constant of the 
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gas have been made by V. BraiinmuhP who finds no electric 
moment for its atoms. Argon crystals (m. p. — 189 ° 0 )’ have 
been shown by to be isotropic and to belong to the 

cubic system. X-ray analysis^ of solid argon also shows it 
to be a face-centred cubic lattice, with the closest spherical 
packing. These observations suggest a spherical form for the 
argon atom. It is surprising, therefore, to find that light 
scattered transversely by the argon gas shows a depolarisation 

otO-56X.* 

The case of methane gas is equally surprising. It ex- 
hibits a depolarisation of 1 * 14^ in light-scattering which 
does not seem easy to reconcile with the tetrahedral form 
suggested by chemical considerations and by the X-ray 
analysis of solid methane by the powder method by 
McLennan and Plummer* who confirm the existence of the 
cubic form, in which the molecules are in a face-centred 
lattice. The tetrahedral form is supported by the observation 
of Sanger^ who finds that the molecule has no electric 
moment. Wahl* found that the growth-structures of 
methane (m. p.— 184°0) were developed according to the 
hexahedron. The crystals are isotropic, with the four 
trigonal axes of symmetry characteristic of the cubic system. 
It should be mentioned, however, that Wahl* has reported also 
the existence of a doubly refracting enantiotropic form of 
methane at very low temperatures. Evidently, methane is 
polymorphous, like all other compounds of carbon of the type 
GX 4 . Moreover, McLennan and Plummer do not exclude 
the possibility of pyramidal form for methane, from their 

1 Phys. Zeit., 28, 141 (1927). 

* Proc. Roy. Soo., 87, 371, (1912). 

^ Simon and V. Simson, Zeit. Physik^ 160 (1924). 

^ Bajleigh Proo. Boy. Soc., Vola. 97 and 98, pp. 485 and 57 (1920) Cabannes, Ann. 
PhyB„ 15, 6 (1921) and the author in Ind. Jour. Phys., Vol. 7, 189 (1932). 

s Cabannes and Granier, Comp. Bend., 182, 885 (1926). 

« Phil. Mag., 7. 761 (1929). 

7 Phys. Zeit., 27. 566 (1926). 

8 Proo. Boy. Soc., 90, 18 (1914). 
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X-ray analysis, apparently confining themselves to the exis- 
tence or otherwise of the cubic form. 

The explanation generally offered for the depolarisation 
of light scattering by molecules is that they behave in the 
field of the light-wave as anisotropic electric dipole radiators. 
This is the most natural explanation in view of the fact 
that the size of molecules is very small compared with the 
wave-length and it is supported by a large body of evidence, 
especially by the relation which has been established between 
depolarisation and birefringence, natural or artificial. There 
is, however, an additional possibility, namely, that the 
molecules radiate also as electric quadrupoles or as magnetic 
dipoles in which cases, incident natural light scattered 
transversely would exhibit partial depolarisation even if the 
molecules were isotropic. This is clearly illustrated by the 
theoretical treatment given by J. J. Thomson of the scattering 
of light by perfectly conducting spherical particle of small 
size, and by the investigations of Mie® on the scattering of 
light by large spherical dielectric or imperfectly conducting 
particles. It is known to spectroscopists that quadrupole 
radiation from atoms may occur, and it is, therefore, of 
interest to consider the possibility of similar types of radiation 
appearing in molecularly scattered light and being respon- 
sible for its partial depolarisation. 

A simple method of distinguishing the electric dipole 
radiation from the magnetic dipole or electric quadrupole 
radiation is by examining the light scattered transversely by 
atoms and molecules excited with plane polarised light, with 
the electric vector parallel to the direction of observation. 
Such scattered light with the anisotropic electric dipole is 
unpolarised, while in the other two cases, it is polarised, but 
with vibrations perpendicular to the direction of observation. 


* Ann. d. Phya.. 85, 877 (1908). See also Sir C. V. Baman, 'Nature,' 138, 795 (1931). 
11 
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It was thought worthwhile to examine the cases of argon 
and methane in this manner. 

2. Experimental. 

The general experimental arrangement is the one 
usually followed in all scattering experiments, with some 
modifications, such as for polarising the incident light for 
this work. 

The bright tungsten bead of a 600 c.p. pointolite lamp 
was used as the source of light. An image of it was focussed 
by a system of lenses about 1*3" from the source into the gas 
contained in a cross-tube similar to the one employed in pre- 
vious investigations. Prior to entry into the gas, the light 
was polarised by means of a suitably oriented nicol, with 
the electric vector exactly parallel to the direction of obser- 
vation. The state of polarisation of the transversely scatter- 
ed light was recorded on a photographic plate using a 
specially devised high-speed camera with a Zeiss lens of focal 
length 3 cms. and an aperture of F/1 serving as the lens. 
A clear quartz double-image prism with the images exactly 
one above the other and at a distance quite sufficient to sepa- 
rate the two images was placed between the cross-tube and 
the camera. 

The method adopted for getting a good focal plane for 
the photographic plate was the following. With the above 
arrangement and carbon dioxide in the cross tube, a series 
of photographs were taken with the double-image prism in 
front of the camera, for different positions of the camera lens. 
The lens was then fixed at the reading, giving the best focus 
for the two images of the track. 

Very exact orientation of the nicol is perhaps the most 
important of all adjustments, considering the low depolarisa- 
tion value for argon. Using a double-image prism, which 
gives the two images exactly one above the other, in front of 
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the nicol, the latter could be set with the electric vector 
parallel to the plane of incidence and also of observation with 
an error of only half a degree. This position was also con- 
firmed in the following way. With carbon dioxide in the 
cross-tube and the nicol at about the right position and at 
intervals of two degrees on either side of it, the transversely 
scattered light was photographed with the quartz double- 
image prism in the track of the soattered light. Por the 
position of the nicol, where the electric vector is parallel to 
the plane of incidence, the two images should be of equal 
intensity. This was found to be so at reading 92°, agreeing 
with the first visual method. The above was repeated with 
oxygen and the position confirmed. 

The cross-tube was thoroughly cleansed of organic vapours 
by heating it, since the latter generally give rise to the forma- 
tion of clouds, a serious source of error in such experiments. 
The gasses experimented upon were also rendered dust-free 
by passing them through tubes tightly packed with cotton 
wool. 

With the above arrangement, the two polarised images 
scattered by CO 2 with incident horizontally polarised light, 
could be registered on the plate in an hour. Methane took 
about 10 hours and argon 48. Both the images were quite 
distinctly separate and well-focussed in each case. 

Ilford golden Iso-zenith plates of H and D 1400 backed 
with caramel solution were used in the investigation. 


3, Results. 

With the incident plane polarised light as above, the 
scattering in argon, methane, oxygen and carbon dioxide was 
studied. In the case of argon, the scattering was observed 
at 86°, 90°, 92° (horizontal) and 94° readings of the nicol 
placed in the incident track. The two images at 92° were 
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equal, showing that the scattered light was quite unpolarised ; 
at 90° and 94°, it was very nearly so, but at 86° only the 
image of the track with vibrations perpendicular to the 
direction of observation was present. 

In the case of the other molecules also, the scattered 
light was unpolarised. The two images of the track as got 
on the photographic plates were of equal intensity. 

4. Discussion. 

Examining now, the results for argon and methane, in 
the light of the foregoing discussion, we find that the im- 
perfect polarisation in these two cases cannot arise from either 
a magnetic dipole or an electric quadrupole. It seems to be 
fairly certain that argon and methane are genuinely optically 
anisotropic. Most probably, other spherical atoms and tetra- 
hedral molecules are also so. 

However, if they radiate also as in the other two oases, 
the scattering is too small to be observed. 

Even though no definite experimental evidence is forth- 
coming for the cause of this observed optical anisotropy in 
argon, yet it may not be far wrong to put forward the sugges- 
tion tentatively, that atoms, themselves spherical normally, 
become anisotropic when excited; more so, under the field of 
the incident light wave, so that the moments A, B and G 
induced in the atom are different along its three principal 
axes. 

The above can find an easy explanation in wave-mecha- 
nics. The argon atom in the non-excited state is expressed 
by an S term, which represents it as a symmetrical atom. 
On excitation, the transition is not to any other S state, which 
is forbidden, but to a 2P, 3P, etc., states, in which the charge 
distribution is not symmetrical. If the ground term is re- 
presented by the wave-function ^ and the excited state by 
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then the probability of transition from the first to the second 
state is proportional to 


J X tp ip' dr 

and the electric moment, being a vector, is given for the 
normal state, by Xj = Yj = Z, = / xj ^ ^ dr 

the distribution of charge being symmetrical, while for the 
excited, 

^ 2 = J ^’2 i'' 

1 ' 2 = Jyuff'dr 
^2= [ »2 f dr 

where ^ and if/' are the conjugate functions of if/ and if/'. 
It is clear from the above argument that the electric moments 
A, B and C for the excited atom cannot be equal. Argon, 
therefore, behaves as an anisotropic atom, the observed optical 
anisotropy being the result of the atom springing up into an 
unsymmetrical excited state, the transition to which is 
governed, by the product of the wave-functions for the two 
states. 

The author desires to thank Prof. Sir 0. V. Raman for 
his help and interest in the work. 
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A Generalised Formula in the New Statistics 

By 

M. K. Gopalaibngar. 

{Reoeioed for Publication^ 4th May, 1932.) 

Abstract 

A generalised formula is derived on tbe basis of the new statistics, 
containing tbe solution of all the equilibrium problems. Simple subs* 
titutions in the formula are shown to lead to the well-known expressions 
for the pressure exerted by electrons, for the constant of chemical 
equilibria, for the vapour pressure of a crystal, etc., in tbe new as well as 
in the old statistics. 

Consider an assembly of fcvro or more closely related sys- 
tems in equilibrium, contained within an adiabatic enclosure. 
According to the Fauli-Eermi Statistics the entropy of a 
system is given by 

S=nl[|^-logA] (1) 

where TJ| and TJ| are particular cases of the general Sommer- 
feld integral 

0 A 

In the case of interest, the entropy of the assembly as a whole 
is 


r 


u^du 

^6“+! 


( 2 ) 




4 • ft 


( 8 ) 
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where the summation is to be taken over all the systems under 
consideration. If Sn represents an arbitrary change in the 
number of individuals constituting one of the systems, there 
will be corresponding changes in the number in the other 
systems. The consequent change in the entropy SS is given 
by 




A 

dn 




Sn 


Following a procedure exactly similar to that adopted by 
S. Chandrasekhar ^ and substituting, '‘if Q be the heat absorb- 
ed during the process ’ ’ for the words “ if Q be the heat ab- 
sorbed during ionization ’ ’ we obtain 



A 



I 

TT 


T 2 


§VK/3 


1 ^A 
A 9n 


(4) 


This is the general formula that we referred to in our initial 
remarks. In solving any particular equilibrium problem, we 
must only substitute for Up and A for each of the systems in- 
volved in the problem, the correct expressions according as it is 
degenerate or non-degenerate and sum up as indicated in (4) . 

If any of the systems of interest be non-degenerate then 
they conform to the laws of classical statistics so that 


Up=Up.,= 

and 


=:U| = Ui=U.4=A 


A= 


"VG 


(2jrw/£T)’‘ = 


n 


yp ■ 


Thus for this case 

xr r 5 U| J _5 U4 U_i '] QA Q 1 BA 

^ La dt- AJ + A L a -a~^r J a 


becomes simplified to — h bg — 


( 6 ) 

( 6 ) 


^ 8. Ohandmekhsr, Phil. Mag., Vol 9, p. 272 d^). 
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If any of the systems be degenerate, they obey the laws of 
the new statistics of Fermi and Dirac so that 


Up= 


u. 


p+i 


r(p+2) 


[1+2 f 


P (P + l)ca ■■ 


(p + l) p. (p-l)(p- 2 ) 
“*0 



«<,«log A 


h* ( 3n 
2mki: V4;rG / 


and cv= 1 + special case 

2*' 3>' 4*' 

when V =2, c,= 

Thus we approximately get 



Vi = 

BMo, 

15^^V 


and 

Ui = 

4uol^ 
3 a/ IT 



TT — 1 — 

2'Uoi‘ 1 



U 2 


24Mg / 


Thus (5) reduces on simplification to the form (V being unity) 
( 3n , .r*K*wT ( 4ffG 

Vi^G/ l2fe~V-3;r/ 

Applications : — 

(1) Electrons in equilibrium with metal. 

This problem involves two systems, viz., the electrons 
outside the metal and those within it, with the aid of formulae 
(Jj), (6) and (7) we can calculate the pressure exerted by the 
electron gas, considering any of them to be degenerate or non. 
degenerate, when both the outside {nf) and inside (») elec- 
trons are considered non-degenerate we need substitute ex- 
pressions appropriate for nf only, those for n being negligible. 
Thus from (4) and (6) we get the well-known formula 

Q. (2ffmftT)8 ^ 

but for the spin factor O. 

12 
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Actually, however, the electrons outside the metal are 
sparse and non-degenerate, whereas inside the metal they 
are tight-packed and degeneracy is of dominant importance. 
Thus we must substitute in (4), expression (6) for nf and (7) 
for n and we have 

\ fe* / 3n 

n/=/8e “ W ■^2jnfcT V4^' / 12 “F" VW ) 

3 -_X__+ fe* ( 3» \g _ wfeT/ 4;^ \| 
(2ffmfcT) ^ p feT 2mm 4nG/ 12 ft* \ 3n / 

which is identical with that obtained by Fowler ** by the method 
of partitions. 

Though of no practical importance, the formula in the 
case when both the electron systems are supposed degenerate 
is also deducible easily from (4) and (7). In this case we 
obtain 


/ 

'8nr V 


^ 47rG Y 

2mT ' 

V 4ffG/ 

h* ' 



( 

^ n»ft*mT 1 

^ 47rG 

— 

2m T 


'~12h* ' 

1 3n / 


(2) Chemical equilibria; — 

Let us restrict our discussions to reactions involving three 
systems only in which systems 1 and 2 react to form system 
3. When all of them are non-degenerate, considering unit 
Volume, we get by substitution of (6) in (4) for each of them, 
due regard being given for signs, 

-fclog^-fclog|i + felog^=--^ • 

»8 —rL (2»rwfeT) 

3 Fowler, Proc, Roy. Boo.. Vol. 117, 549 (1928). 

It will be noticed that there is a amall discrepancy between this and Fowler’s result 
since the latter obtains an extra factor 2 in the third term of the index of e. 
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which is the well-known formula of Ehrenfest and Trkal,® got 
by the method of y- weight when all the systems are degenerate 
we obtain similarly 


/ 

2wT \ 




/ 4Grr\^ 

ri- +L 1 

h' 

V 3 / 



x_ 

T ■ 


The corresponding formula for the case in which any one of 
the systems is degenerate and the rest non-degenerate follows 
easily and need not be further discussed here. Our formula, 
moreover, is capable of giving the value of chemical 
equilibrium constant, for equilibria involving any number of 
systems by very simple substitutions in (4). 

As a particular case of the above, we may consider the 
ionization formula of Saha where the electrons constitute a 
degenerate system, the atoms and positive ions being non- 
degenerate. Since Chandrasekhar’s formula is a little faulty 
we give the corrected formula below 


kr Iog^ + 


n V4n-G / 






} 2mT 

m* 

\ 3n_ /* 

f T 


(3) The Vapour pressure of a crystal can also be 
calculated likewise. But degeneracy in this case is never met 
with, so that we content ourselves by giving the classical, 
statistical Result 




3 Tolman’a ‘ Statistical Meohanics with special applications to Physics and Ohemistryt" 
p 184. 
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which is the same as the formula of Stern and Tetrode, but 
for the spin factor G. 

In conclusion I wish to express my sincere thanks to 
Sir C. y. Baman and Prof. B. Yenkatesachar for their kind 
help and suggestions. 
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On the Raman Spectra of Di-methyl Ether, 
Di-ethyl Ether and Heptane 

By 

S. C. SiRKAR. 

(Plate XXir.) 

{Received for publication, 10th May, 1932.) 

Abstract. 

The Raman Spectra of di-methyl ether, di-ethyl ether and heptane 
have been examined in order to clear up some doubtful points. The 
following frequencies have been observed. 

Di-methyl ether :-83S (0), 416 (0), 921 (2), 1102 (0), 1464 (16), 
2814 (7), 2869 (8), 2921 (3), 2952 (3) and 2989 (3). 

Di-ethyl ether:— 375 (0), 440 ( 5 ), 494 (0), 844 (3), 928 (06), 1080 (0), 
1077 (0), 1151 (2), 1272 (06), 1458 (3), 2695 (1), «802 (U), 2865 (6), 
2981 (6) and 2979 (4). 

Heptane 304 (2), 398 (26), 441 (2), 541 (2), 769 (4), 84S (2), 
900 (26), 962 (36), 1031 (2), 1080 (26), 1135 (16), 1161 (2), 1242 (16), 
1263 (26), 1301 (8), 1338 (1), 1450 (56), 2651 (1), 2704 (2), 2854 (86), 
2922 (66) and 2958 (4b). 

In the case of di-methyl ether, two new lines 338 (0) and 416 (0) are 
recoi-ded. The latter agrees fairly with one of the frequencies calculated on 
the assumption that the molecule conforms to a triangular model. In the 
case of di-ethyl ether, it has been possible, with the help of a quinine sul- 
phate filter, to clear up some doubts as regards the assignment of some of 
the lines and five out of six hydrogen frequencies recorded by Bar have 
been confirmed. The results have been discussed in relation to the 
infra-red data. 

1. Introduction. 

In continuation of the work started by Dr. KrishnamurtP 
about the critical inyestigation of the Raman spectra, the 

^ P« Iridhnamurti, Ind* Jour. Phys., 6, 867 (1931) 
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author^ has recently reported the results for a few liquids. A 
few more organic liquids have been examined with suitable 
technique in order to record the fainter lines and to assign the 
lines correctly. The results are reported and discussed in 
relation to infra-red spectra in the present paper. 


2. Experimental Results. 

The liquids chosen for the present investigation are hep- 
tane, di-mcthyl ether and di-ethyl ether. Heptane was frac- 
tionated before being exposed in order to settle the question 
whether a large number of the lines recorded by Ganesan and 
Venkateswaran* and not recorded by Bonino and Briill^ are 
really due to some impurity. Two spectrograms were obtained 
for this liquid, one with uranine and another with O-cresol- 
phthalein light filter, in order to clean up the region after 
4358 A® and to assign the lines correctly. In the case of di- 
ethyl ether one spectrogram was obtained without using any 
filter and another with quinine sulphate filter in order to get 
rid of excitation by 4046 A° and thus assign the frequencies 
correctly. Eahlbaum’s ether distilled in vacuum was used. 
Di*methyl ether was received from the manufacturers as gas 
dissolved in sulphuric acid sealed up in a big capsule. The 
gas was liquefied with the help of liquid air in a strong glass 
tube. In this case a long exposure was given without any 
filter. Iron arc spectrum was photographed on each plate 
for comparison. A Fuess glass spectrograph having a dispersion 
of about 15 A® per mm. in the region of 4368 A® was used. 
The results are given in the Tables I, II and III. Complete 
tables showing assignment will be found at the end of the 
paper. 


^ 8. C. Sirkar, Ind. Jour. Phys., 7, 61 (1932). 

3 A. 8. Ganesan and 8. Venkateswaran, Ind. Jour. Phys., 4, 196 (1929). 
< G. B, Bonino and L. BrUll, Gazz. Chim. ItaU, 89, 660 (1929). 
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Table I. 

Heptane Frequencies. 


Number. 

Av, 

Intensity. 

Values in ju. 


1 

1104. 

1 

2 

32*9 1 


2 

398 

2(b) 

1 

25*13 i 


3 

441 

2 

22*68 


4 1 

641 

2 

18-48 

1 

1 

1 

1 

... 


... 

14-0 

5 

760 

4 

13*0 

13*1 

f) 

843 

2 

11-87 


7 

900 

2 {b) 

1 

nil 

11*0 

8 

962 : 

3 (h) 

10-40 

10*46 

9 

1031 

2 

9*71 


10 

1081) 

2 (b) 

9*26 


11 

1186 

1 (b) 

8*81 


12 

1161 

2 ! 

8*61 

8-65 

13 1 

1 

1242 

1(b) 

8*05 


1 

1263 

2(b) 

7-92 j 


16 

1301 

3 

1 

7-69 


16 

, 1338 

1 

7-47 



... 

... 

... 

7*2 

17 

1460 

6 (b) 

6*90 



... 

... 

... 

6*8 

18 

2651 

1 

3*77 


19 

2704 

2 1 

3*70 


20 

2654 

8(b) 

8*50 


21 

! 2922 

6(b) 

3*42 

3*4 

22 

1 2966 

4(6) 

3‘88 
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Bonino and Brull but recorded by Ganesau and Yenkateswaran 
are observed by the author. These lines are therefore 
genuine lines due to heptane and not due to any impurity. 
The spectrogram is reproduced in Plate XXII and it can 
be seen that these lines are quite intense. The line 154 
recorded by previous workers was not observed on the author’s 
plate. Similarly the lines 274 (0), 346 (1), 499 (0), 720 
(0) and 1400 (1) recorded by Ganesan and Yenkateswaran 
could not be observed on the author’s plate though the 
plate was free from continuous background and at the 
same time well exposed. The hydrogen frequencies 2661 


Table IY. 
Heptane. 


Bonino and 
BMl 

Ganesan and 
Venkateswa. 

ran. 

Sirkar. 

Bonino and 
Briill. 

Ganesan and 
Venkateswa- 
ran. 

Sirkar. 

164 0) 

147 (1) 



1132 (0) 

1136 (16) 


274 (0) 



1162 (1) 

1161 (2) 


312 (1) 

304 (2) 


1244 (1) 

1242 (16) 


846(1) 



1266 (1) 

1263 (26) 


407 (1) 

398 (2i>) 


1304 (2) 



447 (1) 

441 (2) 


1348 (2) 

1838 (1) 


499 (0) 



1400 (1) 



546 (1) 

641 (2) 

1446 (3) 

1463 (3) 

1460 (6b) 


720 (0) 




2661 (1) 

766 (2) 

769 (8) 

769 (4) 


2863 (4) 

2704 (2) 

822 (2) 

846(2) 

848 (2) 

2866 (6) 

2872 (8) 

2864 (8b) 

897 (1) 

903 (2) 

900 {2b) 

1 

1 

2912 (3) 

2922 (66) 

966 (1) 

967(2) 

962 (86) 

2982 (6) 

2981 (4) 

2968 (4b) 

.1027 (1) 

1084(3) 

1031 (2) 


2968 (8) 



1088(1) 

1080 m) 
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and 2704 are new and genuine because they were found to be 
excited by 4368A. and falling in a region of the spectrum 
where there was no confusion due to the presence of many 
other lines. The wave-lengths were quite different from those 
of the mercury bands in this region. The lines 2872 and 
2931 recorded by Ganesan and Yenkateswaran were not 
found well resolved on the author’s plate because the neigh- 
bouring hydrogen lines were very inteise and broad. 

The infra-red absorption curve for heptane is not given by 
Oobtentz but Bonino and Brhll have quoted the wave-lengths 
of the absorption peaks observed by L^comte.’ These are given 
in Table I. It is interesting to comp|re the Baman spectra 
as well as the infra-red spectra of heptjSne and octane with each 
other because both molecules are of the form of long chains 
one differing from the other only by a CH 2 link. The octane 
frequencies recorded recently by Krishnamurti ® are plotted 


octane 

1 


ill ii \ 1 1 Lii f 1 

HEPTANE 


1 

i 

I 

iiii 1. 1 1 1 1 1 


To J 2 3 4 5 i 4 8 9 <0 » 18 13 M 


Fig. 1. 

graphically in Fig. 1 along with those of heptane. It can be 
seen from the figure that though most of the frequencies of the 
two compounds are almost identical, each has got a few frequen- 
cies not common to both. If it is assumed that the carbon 

* Leoomte, Gootribution a I’etode da I’absorption dea Bsyona Infra rongas eto., 
Parit.1924. 

> P. SruhnMswrti. Ind. Jonr. Phja., 9, 548 (1081). 
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atoms are arranged in a staggered chain in both the mole- 
cules, it is evident that the elements of symmetry of the two 
molecules are quite different. If the symmetry elements of 
the length of the molecule are taken into consideration, it will 
be found that in the case of octane there is only one centre of 
symmetry whereas heptane has one twofold axis of rotation 
perpendicular to the molecule and passing through the 
middle carbon atom. The distances of the carbon atoms from 
the centre of the molecule are different for the two molecules. 
The low frequencies may be attributed to the different modes 
of vibration of the length of molecule and for the reasons 
given above, frequencies of some modes of vibration are quite 
different in the two cases. Some of the hydrogen frequencies 
also, are different in the two cases on account of the symmetry 
elements being different. 

Di-ethyl Ether. 

Di-ethyl ether was studied formerly by Ganesan and 
Venkateswaran.® Daure,^® Dadieu and Kohlrausch” and others. 
The frequencies recorded by various authors are tabulated in 
Table V. It can be seen from the table that most of the 
lines observed by the author are in confirmation of the work 
of the previous authors. The faint line 2^76 was not recorded 
by any of the previous workers and is a genuine new line. 
The lines 2695 and 2802 recorded only by Bar“ previously are 
confirmed by the author. A glance at Table VII will show how 
the quinine sulphate filter has helped very much in the correct 
assignment of these lines. The lines at 4542'2A and 4664'3A 
are quite strong on the plate obtained without any filter but 
they are very weak on the plate obtained with quinine filter 


’ A. S. Oanesan and S. Venkateswaran, lad. Jour. Phya., 4, 196 (1920). 
w P. Daore, Ann. de Pliys,, 12, 376 (1929). 

» A. Dadieu and K. W. F. Kohlrausch, Wien Ber., 138, 635 (1929) ; 130, 677 (1929). 
>* E. B«r, Helv. Phye. Acta., i, 366 (1981). 
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Table V. 

Di-ethyl Ether. 


Daure. 

OanesaQ and 
Venkateswaran. 

Dadieu and 1 

KohlrauBch. j 

Bfir. 

Sirkar. 

436 (2) 

441 (3) 

436 (6) 

434 (4) 

376 (0) 

440 (6) 



510 (1) 

493 (?) 

494 (0) 


798 (0) 




H3S (2) 

34r) (3) 

845 (5) 

840 (3) 

844 (3) 

922 (1 br) 

928 (2) 

928 (3) 

927 (lb) 

928 (Ob) 


1027 (1) 

1037 (4) 


1030 (0) 





1077 (0) 

1090 (4 br ) 

1082 (0) 


i 



1160 (1) 

1147(3) 

1148 (3) 

1161 (2) 

1 

1197 (0) 





1263 (1) 

1276 (4 br) 

1270 (2b) 

1272 (Ob) 


1334 (1) 


1362 (?) 


1448 (2 br) 

1467 (2) 


1464 (6 br) 

1463 (3) 




1478 (?) 






2696 (1) 




2692 (1) 





2730 (0) 





j 2806 (2) 

2802 (1}) 




2866 (8b) 

2866 (6) 

2868 (3 br) 

2871.(6) 




2926 (4br) 

2936;(6) 


2930 (10) 

2931 (6) 

2973 (3 br) 

2977 (6): 


2978 (4) 

1 

2979 (4) 


though the other liuee OEoitei by 4368A »re 
latter plate than on the former. These lines ate therefore 
excited by the line 4048A. But it can be seen « <m e^h 
of these lines there is superposed a line excited by 4i368A, 
because on the quinine filter plate these lines are present and 


266 


8. C. SIRKAR 


almost as intense as the other strong hydrogen lines 2866, 
2931 and 2979. Had these lines 4542 '2A and 4564*3 A been 
excited by 4046A alone on the quinine filter plate, their 
intensities would be much less than those of the lines 2865, 
2931 and 2079. Since that is not the case, the lines 928 and 
1030 excited by 4358A are also superposed on these lines 
respectively. The lines 928 and 1030 are found to be ex- 
cited also by the line 4046A and are therefore genuine. 
Similarly the line 1077 being excited by both 4368A and 
4046A is genuine. 'I'he lines 1030 and 1077 have not been 
recorded by Bar. Out of the six hydrogen lines 2692 (1), 
2730 (0), 2806 (2), 2866 (8b), 2932 (10) and 2980 (4) recorded 
by Bar only five were observed on the author’s plates and 
the line 2730 could not be observed. The existence of this 
line is doubtful or at least it is much less intense than the 
line 2802. 


OI-ETHYL ETHER 



Fig. 2. 
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The infra-red absorption curve given by Ooblentz^* is 
reproduced in Fig. 2 along with the Eaman lines. It can be 
seen that most of the frequencies obtained in the Eaman 
spectrum are active and are represented by absorption peaks. 
The relative intensities of the absorption peaks however, are 
quite different from those of the Eaman lines as is expected 
from theorectial point of view because the intensities of Eaman 
lines depend on changes in polarisability and those of absorp- 
tion peaks on electric moments induced during a transition 
from one vibrational level to another and these properties 
have no connection with each other. 


Di-methyl Ether. 

Di-methyl ether was studied formerly by Dadieu and 
Kohlrausch in the liquid state. Two new lines 333 (0) and 
416 (0) are observed by the author besides all the lines 
recorded by the previous authors. 

If a triangular model of the di-methyl ether molecule is 
assumed and masses proportional to 16, 16 and 15 are sup- 
posed to be situated at the vertices of the triangle, the three 
characteristic frequencies of vibration of such a model can be 
obtained after assuming some reasonable values for the bind- 
ing forces, in the method given by Dadieu and Kohlrausch.** 
If and the forces of restitution between 0— CHaand 
CHg— OHs groups be taken as 4-8x10® and 1-5x10® dynes 
per cm. respectively, the following frequencies are obtained. 

vi = ll02, V 3 = 1035, V3=420, a=63°-42' 

The observed frequencies are 

vi = 1102, V3=921, V3=416 


** W. W. Ooblentz, InTestigations of Infra-red Spectra, Carnegie Inetitution. 
Washington, 1906, p. 172. 

A Dadieu and E. W. F. Kohlrausch., Wien. Ber., 139, 166 (1930). 
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If any other frequency, e.g., 921, be taken as Py no reasonable 
values for p^ and 1/3 are obtained. 

When /i is taken as 5 x 10® dynes cm. as given by Dadieu 
and Kohlrauscb for HO~CH3, p^ becomes 461 with as 
1 • 66 X 10 * dynes cm. A very low value of /j has to be 
assumed in that case to get agreement with the observed 
value for Pg. If the line 333 be taken as pg, still lower value 
of fi has to be assumed. 


Dl- METHYL ETHER 



123456769 10 II e 13 U/U 

Fig. 3. 

The infra-red absorption curve for di-methyl ether given 
by Goblentz” is reproduced in Eig. 3 along with the Baman 
lines. As in the case of di-ethyl ether most of the frequen- 
cies are represented by absorption peaks but there is no corres- 
pondence between relative intensities of the Baman and infra- 
red spectra. 

The author is indebted to Prof. Sir 0. V. Baman, E.B.S., 
for his kind interest and guidance in the present work 


“ W. W. Coblentz, loc. cit.f p. 171. 
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Table VIm 
Heptane. 


Wave length of 
Eaman line in I. A. 

Wave number 

Intensity. 

Assignment. 

1/, 

Uranine filter. 

O-Cresolph. filter. 

4120*3 

24263-3 

2 

— 

B-442 

4137-7 

24161*2 

2 

— 

B-644 

417676 

24135*3 

4 

— 

B-770 

4189-8 

23860*8 

1 

— 

B~846 

4199-6 

23806-7 

Kb) 

— 

B-900 

4.210-6 

23742*9 ’ 

Kb) 

— 

B-963 

4222*7 

23674*9 

2 

— 

B-1031 

4231*6 

23C26-7 

2(b) 

— 

B-1080 

4241*6 

23670 

Kb) 

— 

B-1135 

4246-1 

23544*4 

2 

— 

B-1161 

4260*8 

23463*2 

Kb) 

— 

B-1242 

4264*21 

*23444 *6 

2(b) 

— 

B--1261 

4271*8 

23402*8 

3 

— 

B-1303 

4278*2 

23367*8 

1 

— 

B-1838 

4299-1 

23254*2 

6(b) 


B-1461 

4416 9 

22634 

H 

2 

A -304 

4436*3 

22540 

iKb) 

2(b) 

A -398 

4443*8 

22197*0 


2 

A-441 

4463*6 

22397*2 


2 

A -641 

4609*6 

22L69-2 

3 


A -769 

4^24*6 

22096*2 

H 

2 

A -843 

4536*25 

22088*6 

1Kb) 

2(b) 

A -900 

4649*1 

21976*2 

2(b) 

8(b) 

A -962 

4663*4 

21907*4 

1{ 

2 

A -1031 

rB-2847 

4673*67 

21868*2 

10 

7 

1a-1080 

4676*7 

21843*7 

I 

6 

3 

B-2862 


14 
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Table VI , 

Heptane (continued). 


Wave length of 
Baman line in I.A* 

Wave number 

InteDBity. 

Assignment. 

V. 

Uranine 

filter. 

O-Oresolph, 

filter. 


4889’4 

21783*3 

7(b]f 

6(6) 

B-2922 

4696*8 

21748*2 

B(b) 

3(6) 

B-2967 

4613*3 

21766*1 

2(6) 

2(6) 

(A-1263 

lB-2841 

4630*4 

21637*1 

li 

2 

A-1301 

4639*73 

21693*5 

2 

1 

61-3922 

4687*2 

21668*7 

1 

i 

bi-2967 

4663*8 

21488*7 

8(6) 

6(6) 

A-1449 

1 

4927*9 

20287 

0 

i 

A-2661 

1 

4940*8 

20234 

i 

1 

A-2704 

4977*8 

20083*6 

3(6) 

6(6) 

A-2854 

4994*6 

20016*6 

2i(6) 

4(6) 

A-2922 

6008*6 

19980*4 

2(6) 

8(b) 

A-2968 
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Table VII. 
Di-ethyl Ether. 


Wavelentgh of 
Baman line in l.A. 

Wave number 

V, 

Inteneity. i 


Without filter. 

Quinine filter. 

Assignment. 

4119-8 

24266*2 

2 

— 

B-489 

4189*6 

23862*6 

li 

— 

B~*848 

4204-6 

23777-4 

0(6) 

— 

B~928 

4222-6 

23676 

0 

— 

B-1030 

4231-2 

23627-3 

0 


B-1078 

4244*6 

23652*7 

1 

— 

B-1163 

4266-5 

23431-8 

i 

— 

B~1274 

4299-6 

23252 

2 

— 

B-1463 

4430‘8 

22563 

0 

0 

A-376 

4443-6 

22498 

3 

i 

6 

A-440 

4464-3 

22444 

0 

— 

A-494 

4624-8 

22094*2 

2 

3 

A~-844 

4642*2 

22009*6 

1 

0(6) 

( B-2696 

1 A— 928 

4663*2 

21908*3 

— 

0(6) 

A-1030 

4664-3 

21903 

li 

— 

B-2802 

4673-1 

21861 

— 

0 

A— 1077 

4677*6 

21840*8 

5 

i 

&-2866 

4688*6 

21787-6 

i 

H 

A-1161 

4691-2 

21774*7 

6 

i 

B-2931 

4601*6 

21726 

3 

0 

B~2979 

4614*3 

21666*7 

i 

1 

A-1272 

4617*6 

21660*7 

0 

— 

6i-2866 

4631*8 

21588-8 

0 

— 

6i— 2932 

4641*0 

21641 

0 

— 

61-2976 

4668-1 

21486 

2 

3 

A-1468 

4960-1 

20074*4 

li 

2 

A-2863 

4996*6 

20008*4 

li 

2 

A— 2980 

5006*6 

19960*5 

1 

li 

A-2978 
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Table Vni. 
Di-methyl Ether. 


Wave length of 
Raman lino in I. A. 

Wave number 

V. 

liv. 

1 Intensity. 

Assignment. 

4202*87 

23786-6 

919 

1 

B 

4235-6 

23603*3 

1102 

0 

B 

4299*64 

23251*2 

1454 

1(h) 

B 

4422*0 

22604-8 

333 

0 

A 

4438*8 

22622*3 

416 

0 

A 

4640-66 

22017 

921 

2 

A 

4566*8 

21891 

2814 

8 

B 

4578*81 

21836 

2869) 


B 



( 

8 




1102) 


A 

4589*27 

21783*9 

2921 

3 

B 

4695*7 

21763*3 

2952 

3 

B 

4603 6 

21716*4 

2989 

I 2 (b) 

B 

4652*8 

21486*4 

1462 

1 1(b) 

1 

A 

4967*9 

20123*6 

2815 

1 

3 

A 

4981'6 

I 2()068'7 

2869 

1 

A 

4994*13 

20018 

2920 

i 

A 

6001*9 

19986*9 

2951 

\ 

A 

6012-07 

19046*3 

2992 

i(b) 

A 


Table IX. 

Exciting Lines. 


Symbol used. 

Wave length in I. A. 

Wave number. 

Intensity. 

A 

4368-34 

22938-1 : 

10,000 


4347*6 

22906-3 

600 

h 

4QirSi 

24516-9 

700 

B 

1 

404(5*66 

24706-4 

7,000 


810 , Bowbazar Street, 

CALCmA« 
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New Lines in the Absorption Spectra of 
the Alkalies 

By 

Dr. Snehamoy Datta and Birendrakumar Chakra varty. 

(Plate XXIII.) 

{Received for publication, Oth May, 1932.) 

Abstract. 

Absorption Spectra of K, Na, and Rb have been photographed at 
moderate pressures. Besides the absorption lines of the Principal Series 
some new lines on both sides of the former have been observed. The 
difference in wave-number between these lines and the corresponding prin- 
cipal absorption lines agrees fairly well with the difference in the vibration 
levels of the molecules expressed in wave-numbers. The new lines can be 
expressed by an equation of the type v„=[®Si/2~wi®P3/2, 1/2]+ Av 
where av measures the difference in wave-number corresponding to the 
various vibrational transitions of the molecules. A tentative explanation 
is given. 


1. Introduction. 

According to the modern Spectral Theory the valence 
electrons of the alkalies in the normal state are in the ^Si/2 
orbit. Hence according to the Bohr Principle of Selection the 
absorption spectrum of a cool alkali vapour should exhibit 
only the Principal Series %/2-m®p8/2, 1/2 as absorption 
lines. 
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Long ago one of us (Proc. Roy. Soo., Vol. 101, Sec. A, 
1922) observed besides the absorption lines of the principal 
series several new lines in the case of potassium of which no 
traces could be found at low pressures. These lines seemed to 
have no correspondence with the emission lines of potassium 
and attempts to correlate them were not successful. 

With a view mainly to improve existing measures which 
might throw additional light regarding the nature of these 
absorption lines as also to see whether this type of absorption 
is peculiar to potassium alone or is traceable in the case of 
other alkalies, the original experiment with potassium was 
repeated with an instrument of larger dispersion and subse- 
quently extended to sodium as well as rubidium. 

2, Experimental. 

The experimental arrangement was one of usual type. 
The vapour was allowed to form in a steel tube (about 20 
inches long with an internal diameter of one inch) with quartz 
end pieces fixed to the tube with pitch, the ends being kept 
cool by circulation of cold water through the jackets provided 
at the ends. The tube was heated in a gas furnace whereby 
its temperature could be raised up to about 1000°0. A suffi- 
cient quantity of the pure metals was introduced into the 
tube in order to maintain a high pressure of the vapour and 
the tube was perfectly evacuated by a Genco-Hyvac air pump 
before being heated. The temperature and thereby the pres- 
sure of the vapour could be controlled by adjusting the pres- 
sure of the flame. 

Photographs were taken in the first order of a 16 ft. 
Concave Grating which gives a dispersion of about 2‘3 A.U. 
per mm. in the regions studied. The absorption spectrum of 
the vapour was photographed in the centre of the photographic 
plate with iron comparison spectra on both sides of it. Ex- 
posure given in each case was from one to two hours. As the 



ABSORPTION SPECTRA OF THE ALKALIES 275 

source of light in experiments with potassium and rubidium 
the positive crater of a carbon arc was employed and in case 
of sodium for which the region X2600 to \2900 had to be 
photographed, the carbon arc being unsuitable, was replaced by 
a mercury arc of the atmospheric type which gives quite a 
strong continuous background in this region. 

For the carbon arc the electrodes were treated in nitric 
acid to remove the metallic impurities (specially iron) . It 
was run on a current of 7 amperes from 220 volts mains. The 
length of the arc was maintained as small as possible. The 
mercury arc was run on a current of 2 amperes from 220 
volts supply. 

The carbon arc besides giving out a strong continuous 
spectrum emitted a few iron and other lines, which were used 
with advantage as comparison lines and provided the surest 
check against any mechanical shift. The measurement of 
wave-lengths was made as usual. The error involved in such 
measurement did not exceed 0 01 A.TJ, 

3. Observations. 

Potassium : — Photographs were taken in the region X2900 
to X3500. The new absorption lines are observed from m = 3 
to in «s 14 (see Plate). Corresponding to w « 3 there is only 
one line on the longer wave-length side of the principal absorp- 
tion line. For w=4 and m=5 there are lines on both sides 
of the principal absorption lines. These lines are rather broad 
and diffuse. For m—6 towards higher members each princi- 
pal absorption line is associated with a new absorption line on 
the shorter wave-length side only. The lines become fainter 
as the higher members are approached and finally disappear. 
Form»2 also, there are new lines but these cannot be dis- 
tinguished from bands occuring in that region which are 
developed even at a comparatively lower pressure. The new 
lines corresponding to the higher members appear only when 
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the pressure is sufficiently high, colour of the transmitted light 
being deep green. 

Sodium Photographs were taken in the region \2600 to 
X.3300. The new absorption lines are observed for m«6, 6, 7. 
No such lines in case of w=2, 3, 4 could be observed owing 
to the fact that the corresponding regions were masked by 
innumerable bands which could not be got rid of at the pressure 
necessary for the production of these lines. The new lines 
observed are in each case on the shorter wave-length side of the 
corresponding principal absorption lines. The yellow part of 
the spectrum f corresponding to the D-lines) was examined 
with an eyepiece. When the pressure was high, innumerable 
bands were developed on both sides of the D-lines but by 
gradually diminishing the pressure of the vapour by lowering 
the temperature of the furnace a stage was reached when 
there were no bands. On a critical observation it was found 
that at this stage there were two faint lines on both sides of 
the D-lines which existed for a short time after the bands 
disappeared. This stage of affair was however momentary 
and so no attempt was made to photograph them. These 
lines seemed to have the same origin which accounts for the 
appearance of the other new lines. In case of sodium the new 
lines are rather sharp as compared to those in the case of 
potassium where the lines are blurred. It was found that 
there was a critical pressure for which the new lines in sodium 
were more prominently developed. The pressure necessary 
for such a purpose was much less than that in case of 
potassium. 

Rubidium : — In the case of rubidium the lines are 
somewhat blurred as in potassium and they are more 
prominently developed at a comparatively higher pres- 
sure. New lines observed are from m<^5 to W“U. For 
m=6 and 6 the lines are observed on both sides of the prin- 
cipal lines. From m=7, each principal absorption line is 
associated with a faint absorption line on the longer wave- 
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length side only. The new lines corresponding to the higher 
members are however too faint for any aoourate wave-length 
measurement. 


Experimental Results. 
Table I— Potassium. 


A (air) LA.. 

A (vac.) I.A. 

(vac.) 

New lines. 

Pf j^ao.) Prin- 
cipal Lines. 


3434*7 

8488*7 

29106-2 

|B996'6 (3) 

109*6 

S221'8 

3222*3 

31034*7 

|l069-8 (4) 
^069-8 (4) 

-35*1 

3218*8 

3214*7 

31107*1 

87*3 

3106-8 

3106*7 

32188*6 

^227-7 (6) 

-39‘2 

3100 6 

3101*4 

32243*6 

1 

Se227-7 (6) 

16*8 

8033-3 

3934*2 

32967*6 

S2940-1 (6) 

17*5 

2990-6 

2991*4 

33429*2 

88410-1 (7) 

19*1 

2961-7 

2962*6 

33754*1 

83786-8 (8) 

17*3 

2941-2 

2942*1 

88989*8 

88972-3 (9) 

17*0 

2926-1 

2927-0 

34164*7 

84164-7 (10) 

17*0 

2914-6 

2916*4 

84300*6 

34282-2 (11) 

18*4 

2906-7 

2906*6 

84404*5 

34387-3 (12) 

17*2 


The lines corresponding to the 13th and 14th members of 
the principal series are too faint for any accurate wave-length 
measurement. The lines corresponding to the 4th and 5th 
members are broad and diffuse and their wave-length measure- 
ments are not very certain. 


Table II — Sodium. 


A (air) I.A. 

A (vac.) I.A. 

Vn (vac.) 

New lines. 

p^ (vac.) Prin- 
cipal Lines. 

9 

1 

i 

2602-86 

2608-U 

39960-8 

89798-6 (7) 

156*7 

3628-09 

2628*86 

89848-7 

89298-8 (6) 

245*4 

2869*26 

9600*08 

88609*6 

' 

88640-1 (6) 

69-5 


16 
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Table III — Rubidium. 


A(air) I. A. 

A(vac)LA. j 

>'»{vac). 

New lines. 

Vp (vac) Principal 
Lines. 


3237*6 

3238*6 

80878-6 

30969-2 

(6) 

-80*7 

3223 -4 

3224 4 

31013*6 

30959*2 

(6) 

64*8 

8161*3 

3162*2 

31624*6 

31666*3 

(6) 

-30*7 

8166*0 

3166*9 

31680*7 

31666*3 

(6) 

81*4 

8120*6 

3121*5 

32035*9 

32115-8 

(7) 

-79*9 

8087*6 

3088*4 

32379*2 j 

32434-2 

(8) 

-66*0 

3063*4 

3064*3 

32664*9 

32696-9 

(9) 

-31*0 


The wave-numbers of the principal series lines of potas- 
sium have been taken from the list of absorption lines given by 
Datta (Proc. Roy. 8oc., Sec. A, Vol.; 101, p. 641, 1922) and 
those of sodium and rubidium from Fowler’s “ Report on 
Series in Line Spectra ” pp. 99 andl04. 

Discussion of Results. 

The wave-lengths of the new lines are collected in the 
first column and their divergences from the nearest principal 
lines in wave-numbers are shown in the last column of each 
table. These differences show a striking agreement with the 
wave-numbers calculated from the possible vibrational tran- 
sitions of the corresponding molecules which have been 
calculated in the case of potassium and sodium from the 
gross structure analysis of potassium and sodium bands by 
Fredrickson and Watson (Physical Review, Vol. 80, p. 429, 
1927) where the band heads have been found to satisfy the 
following equations : 

RedK,. ; v=16368-63+ (74-68»'~0-30n'*)-(92-01nW~0-31n«») 
Eed Nog: v=16006-68 + (116-69n'-0-427n'»)-(l57-81n''-0‘638n"®) 
Green Na, : v=20801-62+ (128-84n'-0-79n'2) - (167*67n'/-0-67n"®). 
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From these formulae the possible vibration levels of the 
molecules in the intial and final states for an electronic 
transition can be schematically drawn. Figures I and n(a), 
11(6) give such schematic representations of the possible 
vibration levels for the Kj and Naa molecules respectively and 
the wave-numbers corresponding to possible transitions are 
shown along the arrow indicating the particular transition. 


Red K,. 


Red Na,. 


Green Na, 


A A 




- 221-0 


- 147-96 
- 74-28 
- 0 


-• 182.66 
■ 91-67 
0 


• 2 i »-66 1 


- 468-75 

' 157-33 

0 


244-32 


128-05 



312-86 


Fig. I. 


Fig. n (0). 


Fig. II (b). 


The wave-number of the new lines can thus be expressed 
by an equation of the type : 


v« = ^Sj/2 — W12P3/2, 1/2 +Av 


where difference in wave-number corresponding to the 
various vibrational transitions of the molecules. 

There is no known band spectrum of rubidium so that 
our results with rubidium cannot be directly verified. 
However from the nature of the values of a.f obtained, it may 
be suggested that the appearance of these lines is also due to 
the same cause which accounts for the new lines in the 
absorption spectra of potassium and sodium vapour. 
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Conclusion. 

Although the separation of the new lines from the 
associated principal lines are in remarkable agreement with 
the vibrational transitions of the corresponding molecules, it 
is difficult to see how the vibrational energy difiPerences of the 
molecules (and not the energy corresponding to the funda- 
mental vibration frequency) are superposed on the electronic 
transition of the atoms during absorption. Had the observa- 
tion been confined to potassium alone one might have been 
inclined to regard this agreement as a pure accident but its 
confirmation in the case of sodium and the fact that similar 
lines also appear in rubidium irresistibly leads one to the 
conclusion that there must be something significant about 
the observed agreement. 

The phenomenon observed may bo tentatively explained 
by somewhat modifying the idea of transference of energy 
from one system to another by ‘ collisions of the second kind ’ 
which was first introduced by Klein and Rosseland (Z. Phy., 4, 
46, 1921) and subsequently very successfully extended by 
Franck (Z, Phy., 9, 269, 1922) to explain a number of 
phenomena such as the quenching of Resonance radiation, 
Sensitised Fluorescence, etc. Now in all these cases the 
collision either adds or subtracts an amount of energy by 
which the system is transferred from one quantised to another 
quantised level. It is further known that when the energy 
difference between two such levels correspond to a transition 
in the vibrational energy of the bombarding molecule the 
said transference is more effective (Oldendurg — Z. Phy. 49, 
609, 1928). 

If we now assume that the vibrating alkali molecules, 
which are also present in the chamber, set up a perturbation 
in the atomic orbits by collision or otherwise, then one can 
conceive of the perturbed atoms thereby gaining an amount 
of energy equal to the vibration energy of the molecule, 
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viz.* h. n'woi (wo being the vibration frequency of the mole- 
cule), although there is no quantised level admitting such a 
change. 

Leaving aside the small amount of perturbation due to 
rotation, which will practically broaden the line this 
hypothesis would mean that when the alkali atoms are in 
their normal state their energy is modified by in 
wave-numbers, where Ai/«»n'wo» Wo being the frequency of 
vibration of the molecules in the excited state. The incident 
light is now absorbed by the atoms which would thereby be 
raised to 1 states under ordinary circumstances but as 
the atoms in these excited states would also come into collision 
with the molecules the energy corresponding to these states 
would be that appropriate to m*Pj, i states together with the 
perturbations caused by the molecules. If this be as 
before, the quanta that will be actually absorbed by the 
atoms will be the same as without the presence of the 
molecules, viz., 

and the ordinary principal series lines will be absorbed. If 
however, the vibrational energy of the molecules change 
somehow say to a value the corresponding amount of 
perturbation of the atomic energy for some of the atoms 
would be and the quanta that will be actually absorbed 
will be the one expressed by the equation : — 

+ AvJ — , 1 + A.v'J 

resulting in the displacement of the line by an amount 
[Av— ^i''] from the corresponding principal line. 
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I^ow in the circumstances in which the experiments with 
the alkali vapours are performed the molecules are also 
thrown into the excited state as is revealed by the appearance 
of a strong banded absorption in the red and green and the 
vibrational energy of the molecules are thereby changed from 
^v=n'wo to Av'=n"?/)V Thus the excited atoms would come 
into collision with not only the cool molecules which will not 
effect any change in the line absorption but would also come 
into contact with excited molecules which would produce a 
modification of the absorption line in the manner stated above 
and this would account for the appearance of new lines in the 
absorption spectra of the alkalies. As the proportion of such 
excited molecules is rather low and the life of the excited 
molecules very short this would explain the faintness of 
these lines and also the fact that for their appearance a 
rather high pressure would be necessary. 

If the assumption outlined above is true then similar 
lines are expected to appear in the presence of other foreign 
gases with whom the absorbing atoms do not form a compound 
provided that the molecules of the foreign gas are also thrown 
into excited state by the incident light. Experiments are in 
progress to test this hypothesis. 


Presidency College, 
Calcutta. 

The 6th May^ 1932, 



A New Steel Flooring 

The development of a new steel flooring after long 
scientific investigation has been announced by Mellon Institute 
of Industrial Research, Pittsburgh, Pa. This flooring consists 
of slabs, 24 inches wide and up to 12 feet 5 inches in length 
at present, that are fabricated by preforming two steel 
sheets and subsequently welding them together in the plane 
above the neutral axis. A cross-section taken through the 
width of a completed unit shows four keystone-shaped cells, 
all connected together near the neutral axis. These four 
ducts, which constitute each unit, are spaced at six- 
inch intervals and connect directly, when installed, with 
the corresponding ducts of the adjacent section of floor slab. 
This arrangement is described as enabling the utilization of 
the new floor not only as an eflicient load-carrying member, 
but also as a multiple floor-duct system for handling all types 
of electrical lines. Such a grouping of parallel cells with 
six-inch spacing is claimed to permit, at any time, the 
installation of electrical outlets within a radius of three 
inches from the exact location required, thus providing 
permanent electrical flexibility and precluding electrical 
obsolescence. 

It is said that the keystone slab can be installed with 
ease and rapidity ; that it can be bolted, clipped, or welded 
into place across the structural members, afEording a working 
floor for the various trades. This floor is fire-safe ; it is 
adaptable to appropriate finishes and to suspended ceilings 
and service piping, and has a low weight per square foot. 
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The Raman Spectra of Iodides, Part I, 
Phosphonium Iodide and Methyl Iodide. 

By 

N. Gopal Pai. 

(Plate XXIV.) 

[Received for publication, 11th May, 1932.] 

Abstract. 

The Raman effect in crystals of phosphonium iodide has been studied 
with a view to correlate it with the crystal structure of the compound. 
The frequencies found are 930 (2), 1040 (0), 1113 (0), 1259 ( 1 ), 1416 ( 1 ), 
2304 (10), 2370 ( 8 ). All these frequencies are attributed to the ionic 
group PH 4 found in the crystal which is assumed to be distorted under the 
influence of the neighbouring iodine ions. 

The Raman spectrum of methyl iodide liquid has been studied 
thoroughly, the method of continuous distillation^ being used to avoid the 
effect of photo-chemical decompositon. The following thirteen frequencies, 
of which five are being reported for the first time have been established 

624 ( 8 ), 896 (1), 1028 (0), 1242 ( 8 ), 1484 ( 1 ), 1760 (0), 2050 (0), 
2461 ( 1 ), 2557 (1), 2796 ( 1 ), 2849 ( 1 ), 2950 (5), and 8060 (3). 

Allowing for the small diminution of frequency which occurs in 
passing from the vapour to the liquid state, every one of the Q branches 
observed in the infra-red absorption of the vapour by Bennet and Meyer^ 
has a corresponding Raman line. 

1 N. N. Pal and P. N. Sengupta, Ind. J. Phys., 6, 609 (1930). 

* Willard E, Bennet and Charles F. Meyer. Pbys. Bev., 32, 888 (1998). 
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1. Phosphonium Iodide. 

Crystals of phosphonium iodide supplied by Kahlbaum 
in sealed tubes were used. They were of fairly large size and 
had a faint yellow tint though they were of ‘pure’ quality. 
One of the unopened tubes was used in the experiment. Light 
from a mercury lamp was focussed by a powerful condenser 
on the centre of the tube and the scattered light examined by 
a Puess glass spectrograph of high dispersion. On using 
Ilford Isozenith plates (speed No, 700 H & D), which were 
backed before use, it was found that 4)8 hours of exposure 
was enough to bring out all the lines including the weaker 
ones. The plates were measured on a Hilger micrometer 
and the wave-length of the lines were calculated by using 
the simplified form of Hartman’s interpolation formula, with 
the known mercury lines as standards. The wave numbers 
(in vac. per cm.)' were calculated and the shifts in wave 
numbers of the Eaman lines from the corresponding exciting 
lines determined. The following table represents the results 
of the analysis. The exciting lines are 4046 6 and 4358'3 
and are represented by the letters d and h respectively. 


Table I. 


I. 1 

1 

y* 


Hemarks. 

10 

22401 

<1-2304 

1 

Sharp, strong 

8 

22338 

d— 23G7 

Diffuse 

2 

22008 

0 
CO 

1 

Sharp, faint 

0 

21893 

fc~1040 

Faint 

0 

21825 

/t-1113 

Faint 

1 

21679 

fi~1269 

Diffuse 

1 I 

21522 

/i— 1416 

Diffuse 

10 1 

20634 

?t'^2304 

Sharp, strong 

8 

20568 

o 

CO 

1 

Diffuse 


A>'-980 (2), 1040 (0), lUd (0), 12C9 (1), 1416 (1), 2804 (10). 2870 (8). 
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Another exposure was given only for 12 hours with a 
fairly strong aqueous solution of quinine sulphate on the path 
of the incident rays which diminished the intensity of the 
Kaman lines arising from 4046 6. The results thus obtained 
confirmed the assignments shown in Table I. 

2. Discussion. 

Crystals of phosphonium iodide are cube.like in appear- 
ance, but have been shown to be tetragonal and the cube-like 
habit has been attributed to combination of (110) and (001). 
The study of crystal structure of this compound by Dickinson® 
revealed that the arrangement of the jdiosphorous and iodine 
atom is as shown in the figure where the black circles represent 
the phosphorous atoms and the white circles represent the 
iodine atoms. As a result of a small displacement of the 
iodine atom from the exact centre, each phosphorous atom 
instead of having 8 iodine atoms equidistant from it, has four, 
at a distance which is different from the distance of the 
remaining four. In so far as no grouping of the phosphor- 
ous and iodine atoms could be madOj^ the structure has been 
considered ionic. 



As is well known, the distinct difference between the 
ionic and molecular lattice finds a counterpart in the Baman 


^ BoBcoe, G. DickiQBon^J* Add, Cbem. SoCm XLiy, 1489 (1922). 
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spectra. While typical molecular crystals show the Raman lines 
very prominently, ionic crystals such as NaOl give no lines or 
only extremely faint lines which are in fact so weak that 
their appearance is explained as due to a second order effect 
namely the lattice of sodium ions oscillating against the 
lattice of chlorine ions. From the X-ray investigations, PHJ 
has to be considered an ionic crystal and may be expected 
to exhibit in scattering only the lines due to the internal 
oscillations within the ion PH 4 . We cannot, under the experi- 
mental conditions described, expect such a weak effect as the 
lattice oscillation to manifest itself distinctly. Secondly the 
lattice oscillations due to such massive and ionic system as the 
phosphonium ion and the iodine ion should be of fairly low 
frequency (as could be easily seen by a comparative study) of 
the order of 100 wave numbers. In the results obtained, there 
is no line of such low frequency. The data from scattering 
thus appears to be consistent with the structure of the crystal 
inferred from X-ray measurements. 

It would be of interest to compare the data with the 
infra-red data available in the case of phosphine. This was 
thoroughly studied by Robertson and Fox ^ who assigned 67G * 7, 
993.2 and 1125 as the fundamental frequencies. Badger and 
Mecke® after a critical study of the results and comparing 
it with the results deduced in the case of ammonia, concluded 
that the fundamentals of PHj are yi = 2327 ; y 2 = 1125 and 
yg= 993 - 2 . It is very probable however that there is also a 
fourth fundamental which has been overlooked in the ana- 
lysis. The appearance of the two lines 2304 and 2370 in the 
scattering by phosphonium iodide confirms the view that PH, 
possesses at least one fundamental frequency in the vicinity 
of these lines. Accepting this view, we have a rough corres- 
pondence between the Raman frequencies for PH 4 I and the 


^ Bobertson and J. J. Fox> Proc. Boy. Soc.» A. Vol. 120f p. 128 (1928). 

S B. M. Badger and B« Meckci Zeits. f. Pbys. Chem*, 6 , Abt. B, p. 838 (1929)* 
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infra-red fundamentals of PHo. The values for PHiI 
(Table II) are slightly less than the corresponding values for 
PHa* This result is analogous to the shifts® of frequency 
observed in passing from SOg to SO 4 (Table III). 


Table II. 


Table III. 


BO, 

so. 

Dif. 

534 

450 

84 

... 

614 

... 

1068 

989 

79 

1403 

1218 

185 



In the case of the four frequencies, 1040, 1250, 1410 and 
2370 of PH 4 I, there is no corresponding value in the infra- 
red data for PHg. 

Accepting the view that all the lines recorded for PH4I, 
are due to the ion (PH4+) we may divide them into four 
groups, namely, 930, the weak pair 1040 and 1113, the 
strong pair 1259 and 1416 and the very strong pair 2304 and 
2370. The 930 line stands by itself being the sharpest of all, 
but of low intensity. The pair 1040 and 1113 are both very 
weak and diffuse and in fact might easily be overlooked on 
the plate except on a careful examination. The pair 1215 
and 1416 are of identical appearance and intensity. The 
pair 2304 and 2370 similar in possessing great intensity, differ 


^ S. Bbftgayantam, Ind* Jour. Pbys., 5, 98 (1930). 
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in the fact that 2304 is sharp while 2370 is diffuse, the 
former being more intense. This natural division has one 
point against it, in so far as it does not, according to the well- 
known facts isolate the single intense and sharp line which 
is attributed to the symmetrical expansion and contraction of 
the tetrahedron. 

If the configuration of the '(PH4+) group be a perfect 
tetrahedron, it would have four fundamental frequencies. A 
distorted tetrahedron would have nine fundamental frequencies 
which could be grouped by comparison with the case in which 
the distortion vanishes as 2 (doublet) 3 (triplet) 1 single 
and 3 (triplet) forming nine lines in all. 

The structure obtained by placing in a unit of dimensions 
6‘34x6-34x4’62 A, phosphorous atoms at (000) and (J-, 0) 

and the iodine atoms at (0, u) and (^, 0, u) where u is close 
to 0*40 is observed to explain the X-ray data of this compound 
satisfactorily. Consistent with the symmetry of the phospho- 
nium iodide arrangement, the hydrogen atoms also may be 
grouped round the phosphorous atom to occupy the equivalent 

positions '(corresponding to the space group, 

(uov) (uov) (Ouv) (ouv), (^ + U, -y, v) ^j—U, y, v) (y, y + U, I') 

(|, J-«, v), 

where u and v may have values from 0 to 1. If the exact 
value of u and v is known, the shape of the tetrahedron is 
determined. Because of the low mass of hydrogen atoms, 
X-ray data fail to give any information about this. It is 
possible to attribute such values to u and v and make the 
resulting tetrahedron a regular one, but the probability is that 
the tetrahedron is a distorted one. This appears to be more 
correct if the nature of arrangement of the iodine atoms round 
the phosphorous atom is considered. Since the iodine atoms ■ 
are arranged round any phosphorous atom not as a group of 
eight, but as two groups of four, the distortion of the (FH4) 
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under these different forces is inevitable. The frequencies 
obtained may accordingly be classified as 

930 1 1113 

1259 } 2304 and 2370. 

1040 i 141G 


The 2370 frequency may be a close triplet which is not sufiS- 
ciently well resolved and is seen to be a single line. Another 
possible explanation is to assume that the tetrahedron is dis- 
torted only to that extent to produce only these 7 frequencies. 

A study of the polarisation of lines in a solution of phos- 
phonium iodide in a suitable solvent will show which of these 
two is the correct assignment. 

The symmetrical expansion and contraction of the tetra- 
hedron causes the 2304 frequency. Compared with the 
results obtained from other similar compounds as methane, 
the tetrachlorides of carbon, silicon, tin, etc.,’ this assignment 
appears to be justifiable. Thus in the case of CCb of the 
four frequencies. 


217, 313, 459 


700 

791 


the Raman frequency of 459 has properties identical with 
those of the line under consideration and this has been attri- 
buted to a similar type of oscillation. The most recent results 
obtained by Bhagavantam ® with another similar hydride — 
methane — are seen to confirm this view. Frequencies 1304, 
1620, 2918, 3018 are taken as the fundamentals of this mole- 
cule and the line 2918 singled out from others because of its 


7 Bhagavantam — Loc. oit, 

^ S. Bbagavantam—Ind. Joar. Phya* VI, 595 (1932). 
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202 


sharpness and intensity. This too has been ascribed to a 
symmetrical expansion and contraction of the tetrahedron. 

The remaining lines may be identified with the other three 
modes of vibration of a tetrahedron. Thus^ the line at 2370 


and 


1269 can be ascribed to the two different modes in which 

1416 


the central atom moves within the tetrahedron. The 


980 

1040 


frequency may correspond to one in which the hydrogen 
atoms move about transversely. 


3. Methyl Iodide. 

The procedure recommended by Pal and Sengupta® is 
used here. As a result of the continuous distillation that is 
made to go on during the exposure, the photochemical decom- 
position which causes the liquid to become brownish or yellow 
^ prevented and the plate obtained is free from continuous 
spectrum. An exposure of 24 hours brought out all the 
strong lines. The plate showed indications of the presence of 
certain feeble lines, and accordingly, a long exposure of 120 
hours was given to bring out these strongly. Golden Iso- 
zenith plate, (speed 1400 H & D), was used and was backed 
before use. The experimental procedure for the measurement 
of the plate is the same as for phosphonium iodide. The 
following table gives the result of analysis. The intensities 
of the Eaman lines (I) their wave-numbers {v) and the shifts 
in wave numbers (^v) are given under the respective columns. 
The incident exciting lines 3660T; 8664*8; 8663*3; 4046*6; 
4077*8; 4339*5; 4347*6 and 4358*3 are represented by the 
^tters, Oi b, c, d, e, /, g and h respectively. 


* Pal and Senfapta— Lao. eH. 
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Table IV. 






1. 1 

Wurve No. I'. 


I 

Wave No* t/. 

A*'* 

2 

26229 

i-f 624 1 

1 

22472 

9 - 623 

0 

^26040 

0+ 524 1 

8 

22416 

/i- 622 

3 

24440 

a-2949 1 

1 

22244 

d-2461 

3 

24404 

6-2960 1 

1 

22148 

d-2657 

0 

24241 

6-8049 I 

1 

22042 

li- 896 


24181 

d- 624 1 

1 

21903 

|d-2796 

4 

23991 

526 1 



U-1029 

1 

28811 

d- 894 1 

1 

21866 

d-2849 

0 

28678 

/f-1027 ! 

5 

21766 

d-2950 

1 

23666 

/+ 627 

3 

21698 

^-1240 

1 

23618 

g + 623 

3 

21664 

d-3061 

6 

23461 

|/t+ 623 

3 

21666 

e-2950 



Id -1244 

1 

21606 

// — 1436 

1 

23272 

d-1433 

1 

21460 

e-3066 

0 

22666 

d-2060 

0 

21178 

?t-1760 

1 

22616 

/- 623 

0 

20887 

h-mi 


A*'»624 (8) i 895 (1) ; 1028 (0) ; 1242 (8) ; 1434 (1) ; 1760 (0) : 
2060 (0) j 2461 (1) : 2687 (I) ; 2796 (1) ; 2849 (1) ; 

2960 (6) ; 8060 (3). 


To help the identification of various lines, an exposure 
for 120 hours with a ortho<^cresolphthalein filter on the path of 
the inoident rays was taken in which, it was seen that the 
lines due to 40^6 were weakened considerably or were com* 
pletejy out out. Besides diminishing tibie inteusity of 4046, 
W ^r wipes out ^0 faint meroury l^nds present in the 
neil^bourhood of 4797 A.tT.; thereby helping us to detect any 
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4. Discussion. 

The Eaman spectra of this compound has been investi- 
gated by various workers including Dadieu-Kohlrausch," 
Ball,” Cleeton and Dufford.” A comparison of the results of 
the various investigators is included along with the infra-red 
frequency data available. Coblentz ” studied the infra-red 
absorption spectra of methyl iodide in the liquid state while 
Bennett and Meyer investigated the vapour up to 14 ft. 
Eecently, Sleator ” investigated the infra-red absorption data 
of the compound in vapour state, beyond this region — ^up to 
20 iJL approximately and observed a new band at 18’78 fi. The 
results obtained are in fair agreement. Only the Q branch of 
the band is referred to, neglecting the fine structure of the 
band. 

A comparison of the Eaman spectra of the substance 
with the infra-red data reveals certain interesting details. 

The infra-red absorption data for vapour are taken from 
Bennett and Meyer’s tables excepting 632 which is from 
Sleator’s work. The infra-red absorption data for liquid is 
from Coblentz’s “ Investigations of Infra-red spectra.” 

The varous frequencies recorded, correspond to various 
modes of oscillation of the molecule. These modes of oscilla- 
tion may be divided into two types : those in which the elec- 
tric moment vibrates parallel to the axis of symmetry of the 
molecule, and the second type, in which the vibration of the 
electric moment is perpendicular to the axis of symmetry. 
The former produces the band of the |p type and the latter is 
responsible for 'the band of the ± ’’ type. The frequencies at 


10 A. Dadieu & E.W.F. Eoblraasch, Wieo. Ber. 1S9, 77 (1980). 

Do. Wien. Ber. 139, 717 (1930). 

n G. N. Ball, Z. f. Pbya., 66, 267, (1930). 

« C. D. Cleeton & E. T, Dafford, Phye, Bey., Sr, 362 (1931). 

U Coblentz, " InveBtigations of Infra-red spectra." 

« W. W. Sleator, Phys. Eev., 38, 147, (1931). 
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Table V. 


Ball, 

Cleeton- 

Dadieu- 

1 

Pai. 

Infra-red frequency. 

Dufford. 

Kohlrauach. 

Vaponr. 

Liquid. 

609 

BS4 

622 

524 

682 Hi 

C68 






717 






813 




895 

885 X” 

885 






935 




1028 


1020 






1087 

1248 

1254 

1239 

1242 

1262 11' 

1217 


1 

1416 

1434 

1446 X ’■ 

1408 




1760 


1695 




i 


1862 




2050 

] 


2174 




2461 




2689 


2567 




2771 


2796 





2889 

2849 

2861 11 ‘ 


2963 

2946 

2947 

2950 

2970 11 ‘ 

2940 


8086 

8046 

8060 

3074 X' 



2950, 2849, 1242 and 524 belong to the first type while those 
at 3050, 1434 and 895 represent the second type. These three 
frequencies 3050, 1434 and 896 appear in descending order of 
intensity in scattering, the 895 being a very weak line. In 
the infra-red however, this happens to be the most intense 
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absorption band, the 1434 coming second in order of magni- 
tude, and the 3060 being feeble. In the case of the four 
frequencies classed under the first type, there is no such order 
to be noticed. In the first place, there is the 1242 frequency, 
which has manifested strongly in the infra-red absorption 
while in scattering also, it has come out as a fairly strong 
line. In the case of the 524 line, it appears as an intense line 
in scattering, while in the infra-red it is only a feeble band. 

As a contrast to this type of frequency, there are two 
sharp lines at 1028 and 2050 which are weak both in scatter- 
ing and in the infra-red absorption. 

The remaining four frequencies, 1760, 2461, 2567 and 
2796 have no correspondence with the infra-red absorption 
data. They all appear as diffuse and feeble lines. 

Just as there is a good correspondence between the infra- 
red absorption data for the monohalogen substituted deriva- 
tives of methane, the correspondence is found to be present 
in the scattering also. The following table shows the result 
at a glance. 

A critical study of this table reveals that the Eaman data 
in all these cases except for methyl iodide are very incom- 
plete. A thorough investigation in the case of the other 
halides is sure to throw more light on the subject. 

The author’s best thanks are due to Prof. Sir C. V. 
Raman at whose suggestion the work was taken up, for his 
keen interest and kind guidance. 



Methane. Methyl fluoride. Methyl chloride. Methyl bromide. I Methyl iodide. 
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The Spark Spectrum of Arsenic 

By 

Mem Kam, 

Department of Physics, P, G. Gollege, Lahore (India). 

(Received for publication, 9th June, 1932.) 

Abstract. 

Accurate data for the spark spectrum of arsenic, which has so far 
been lacking, is provided in the visible and near ultraviolet regions. In 
all about 130 lines have been measured, majority of which are new. The 
experimental arrangements suggest that the lines are probably due to singly 
ionised arsenic. 

The spark spectrum of arsenic has been studied by a 
number of investigators,^ mainly by the methods of passing 
condensed discharge between arsenic electrodes and in giessler 
tubes. Both these methods appear to be unsuitable for 
obtaining lines in the red, visible and ultraviolet regions. 
The electrodeless discharge provides a satisfactory source for 
producing lines in these regions. In this paper altogether 
130 lines have been tabulated from 665r29 to 3780‘80 most 
of which have been observed for the first time and evidence 
is in favour of the view that these belong to A8+. 


^ Eayser's Haudbuoh d«r Spektioskopie, Vol, VII, p. 62 . 
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Experimental 

Arsenic was placed in a pyrex glass tube about 40 cms. 
long and 2 cms. diameter and at the ends were sealed glass 
windows. The tube was connected to a mercury diffusion 
pump for exhaustion, and was surrounded by a coil of 8 or 9 
turns, through which a condensed discharge was passed. The 
tube was then heated moderately but continuously close to the 
coil, and as the arsenic began to volatilise, a brilliant greenish 
ring of light characteristic of arsenic made its appearance. 
The pressure of the arsenic vapour was not kept very low. 
This was a great advantage as the impurity lines were almost 
entirely cut off and even the strongest mercury line remained 
absent. The light was focussed on the slit of a 8-metre con- 
cave grating mounted after the method of Paschen and 
Runge. Iron lines were used as standards for comparison. 

Lines in the first order spectrum were measured though 
one^ plate in the second order was also taken. A Hilger 
photo-measuring micrometer was used for measurements. 
The wave-lengths are given in the accompanying tabic and 
are believed to be correct to within '02 Angstrom units. 

I am very thankful to the authorities of the Science 
College, Patna, particularly Prof. Mukerjee, Head of the 
Physics Department, who allowed me to take the photographs 
on the concave grating fitted up in the Laboratory, and 
provided necessary facilities. 

I must also tender my sincerest thanks to Dr. P. K. 
Kichlu of the Lahore Government College who suggested this 
problem and gave me help and guidance during the progress 
of the work. 
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X(I.A) 

Int. 

X (Vac) 

5651*29 

(6) 

17690*20 

5558*05 

(6) 

17986*9 

5497*78 

«5) 

18184'3 

6881*26 

(6) 

18762 0 

5281*30 

(2) 

19110*4 

5107*58 

<6) 

19678*8 

5106*64 

(8) 

19680-7 

4985*42 

<2) 

20062*9 

4688*44 

<2) 

20460*7 

4879*73 

(3) 

20487*2 

4860*76 

(0) 

20667*2 

4847*79 

(1) 

20622*2 

4806*94 

(4) 

20801*8 

4802*64 

(0) 

20816*5 

4799*41 

(2) 

20830*1 

4787*06 

(0) 

20883*9 

4764*84 

(2) 

20981*2 

4786 97 

(3) 

21109*1 

4730*79 

(4) 

21132*2 

4727*05 

(1) 

21148*9 

4707*76 

(4) 

21285*7 

4672*77 

(2) 

21394*6 

4658*84 

(1) 

21460*9 

4682*92 

(1) 

21678*6 

4680*80 

(3) 

21690*8 

4628*08 

(3) 

21601*2 

4610*15 

(4) 

21685*2 

4607*76 

(8) 

21696*5 

4608*04 

(4) 

21718*8 


3 
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\ a.A.) 

Int. 

V (Vac.) 

4591-41 

1 

21773-7 

4590-61 

2 

21777-6 

4681-50 

0 

21820*8 

4580*08 

1 

21827*6 

4663-02 

4 

21967*8 

4649-87 

5 

21972-6 

4546-02 

2 

21991-1 

4544*25 

5 

21999*7 

4640-71 

5 

22016*8 

4683*20 

2 

22058*3 

4629-64 

1 

22071-1 

4526-94 

2 1 

22083-8 

4510*18 

1 

22166*9 

4608-86 

2 

22172*4 

4496-62 

5 

22237-7 

4488-20 

1 

22299-3 

4476-95 

1 

22330-4 

4476-87 

3 

22336-8 

4467-81 

5 

22376-1 

4462-61 

2 

22402-1 

4461-69 

1 

22406-8 

4460-04 

5 

22416-1 

4468-80 

1 

22423-8 

4438-32 

4 

22j60-2 

4481-98 

2 

22667-0 

4428-97 

4 

22672-8 

4427-81 

4 

22578-2 

4422-76 

2 

22604-0 

4416-41 

8 

22641-6 

4414-16 

2 

22648-1 
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A a.A.) 

lat. 

V (Vac.) 

4406*84 

1 

22688*2 

4408*04 

3 

22706*2 

4402*18 

1 

22709*7 

4876*88 

2 

22840*8 

4871*09 

4 

22871*2 

4862*21 

1 

22917*7 

4856*60 

1 

22953*0 

4864*82 

4 

22956*6 

4360*78 

9 

22978*2 

4339*60 

t 

23037*7 

4384*06 

2 

23066*6 

4326*86 

2 

23106 0 

4818*76 

2 

23148*3 

4805*25 

1 

23220*9 

4802*64 

1 

23236*0 

4800*68 

1 

23246*2 

4280*71 

1 

23354*1 

4269*04 

0 

23418*0 

4269*47 

1 

23416*6 

4266*24 

0 

23436*8 

4262*07 

1 

23611*4 

4246*60 

3 

23647*7 

4280*66 

3 

23630*9 

4229*06 

2 

23639*3 

4227*79 

1 

28646*4 

4228*82 

1 

28671*4 

4211*68 

1 

28737*1 

4909*92 

2 

28746*8 

4202*87 

0 

28789*4 

4199*27 

8 

28807*0 
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X a.A.) 

Int. 

i'(Vao.) 

4191‘88 

2 

28848-9 

4161*42 

0 

24023-6 

4168*77 

1 

24088*8 

4182-79 

0 

24189-9 

4120-66 

2 

242611 

4104*76 

1 

24866*2 

4102-16 

2 

24370*6 

4084-64 

1 

24476*1 

4088*04 

2 

24484*7 

4072*68 

1 

24646*9 

4066-91 

2 

24687-8 

4063-80 

1 

24603-6 

4061*36 

0 

24616-4 

4066*81 

0 

24649*1 

4043-66 

0 

2472G-7 

4037-47 

6 

24761-0 

4032-72 

4 

24790-2 

4081-46 

6 

24798-0 

4014-12 

2 

24906-1 

4010-76 

1 

24926-0 

4009-24 

2 

24936-4 

4006-36 

8 

24968-4 

3994-66 

1 

26026-4 

8082-21 

0 

26104-6 

8948-48 

8 

26819-1 

3946-07 

1 

26884-6 

3930-97 

2 

26431-8 

8928-69 

1 

26447-8 

8922-86 

6 

26487*2 

8914-86 

0 

26639-6 
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\ (I.A.) 

lot. 

V (Vac.) 

8888*06 

8 

26746*6 

887111 

2 

26826*1 

8868*23 

1 

25844*4 

3861*47 

2 

25889*0 

8864*87 

1 

26937*2 

8850*42 

2 

26963*9 

3843*83 

4 

26018*6 

8840*72 

0 

26020*4 

3804*21 

0 

26279*2 

3786*68 

2 

26400*9 

3783*61 

1 

26429*3 

8780*80 

0 

26441*9 
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Transmission of Light through Suspensions of 
Powdered Crystals 

By 

BAIDYANATt MuKHOPADHYAY, 

Palit Research Scholar in Physics. 

{Received for puhlicationt 6th July, 1982.1 

Abstract. 

The problem of transmission of light through a suspension of random- 
ly orientated particles is worked out. The expression obtained shows in 
agreement with experiment a much smaller transmission for a suspension 
of doubly refracting particles than for those of an isotropic body. It is 
further shown that if the incident light is polarised, the transmitted light 
is also completely polarised, but it is overlaid by an admixture of strong 
scattered or diffused light which is unpolarised. 

1. Introduction. 

In a well-known experiment, Christiansen ^ showed that 
powdered glass which is ordinarily white and opaque may be 
made transparent for any desired region of the spectrum by 
immersing it in a mixture of liquids having a suitably 
adjusted refractive index. The theory of this phenomenon 
has been yery fully discussed by Drs. Sethi ^ and Sogani.’’ 
Sethi reported that if the powdered substance is a doubly 

1 Aim.derPhy8ik,28(1884). 

* Pioeeedi&gs of fihe Ind. Absoo. for Cult, of Sc., 0. 136 (1920-21). 

* Phil. Mag., 1, masse). 
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refractive solid, e.g., quartz, the suspension does not actually 
become transparent for any part of the spectrum when the 
refractive index of the liquid is varied, but merely diffuses 
light to a greater or less extent. On the other hand, some 
recent workers namely Procopiu * and Petrescu ® report that 
light is transmitted by suspensions of crystalline powders 
in liquids, and further claim that if the incident light is plane 
polarised, the light transmitted by the suspension is partially 
depolarised. These statements are evidently conflicting, 
and the present investigation was undertaken with a view to 
elucidate the problem of the transmission of light through 
a suspension of randomly orientated crystalline particles. 

The main result of the research may at once be stated. 
It is found that Dr. Sethi’s report requires to be modified 
and that even in the case of a doubly refracting powder, it is 
possible to obtain a genuine transmission provided that the 
particles are very fine, much finer in fact than is necessary 
in the case of an isotropic solid. The transmission of light 
however is only partial even for the most favourable wave- 
length in the spectrum, and is overlaid by a diffuse or irregu- 
lar radiation. If the incident light be plane-polarised, the 
transmitted light is also polarised completely, while the diffuse 
radiation which is overlaid on it is mostly unpolarised. It would 
seem from this that the observations of Procopiu and Petrescu 
may have been vitiated by admixture of the light genuinely 
transmitted by the suspension with the light diffused by the 
particles. Theoretical considerations are set out below which 
indicate that this must be the case. 

2. Theory. 

The propagation of light through a heterogeneous 
medium has to be treated as a diffraction problem. We shall 


* Aim. Sc. de L’ Uniyeiute de Jasse, 17, 111 (1081). 
< Ana. So. d« L’ Uaiyenite de Jaeee, 17, 16 (1081}.' 
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here follow a method similar to that used by Sethi and Sogani, 
but elaborated further so as to obtain more precise results. 
We assume that a flat rectangular cell is filled with powder of 
a doubly refracting substance and a liquid mixture of suitable 
refractive index, and calculate the intensity and polarisation 
of the light transmitted through it. 

Take X, Y, Z, a system of rectangular co-ordinates. Let 
the plane of the cell be (XY) perpendicular to the plane of 
the paper. Let the wave travel along Z— the direction of 
thickness of the cell. Let fhe direction of light vibration be 
along X. Now consider an element of wave-front encounter- 
ing a single crystal whose qptic axis lies along {0, <f))\ where 0 
is the angle between the optic axis and Z (the wave-normal)', 
and ^ is the angle between the projection of the optic axis 
in the (XY) plane and the X co-ordinate. Now in the crystal 
the initial vibration becomes resolved along two perpendicular 
directions, one in the plane containing the optic axis and the 
wave-normal and the other in a perpendicular direction. 
Hence on emergence, if the incident vibration be a;=a sin pt 
the extraordinary and ordinary vibrations will be 

e~a CO80 sin. 
ossa sin <p sin (pt+Sj) 

where and 8^ are the appropriate changes in phase suffered 
by the wave in its passage through the crystal. To find the 
effect after emergence, we resolve the vibrations again, 
parallel to X and Y. Resolving along Y, we have 

—a cos <f> sin (f) sin (pt+8i) due to the extraordinary 
vibration, and + o cos ^ sin ^ sin (pt-fSa) due to the 
ordinary vibration. Along the resolved parts are respec- 
tively 

a cos®^ sin (pi + 8i) and a sin*^ sin (pi + Sg) 

Now the wave is incident on a layer comprising a large num- 
ber of crystals ; if now n be the number per unit area, then, 
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because the probability of a crystal lying between 6 and 

and if> and <f> + d<f> is ^ component obtained after 

summing up over all the elements of the wave- front is pro* 
portional to 



COB ^ sio <p. dip. sin + sin 6, dB 


cos Ip sin 0 dp sin {pt + B^) sin B.dB. 


Now 0 and <f> are independent of one another, and Sj and S, 
depend only on 0 and not on <(>. Therefore, the integrals 
vanish, i.e., 

Y=0 

This shows, for a random orientation of the crystals the trans- 
mitted light, if any, will not be depolarised. To calculate 
the X component and from that, the intensity of the trans- 
mitted light, we picture the particles to be spherical and the 
spheres to be arrayed more or less regularly touching one 
another, the interspace being hlled with the liquid mixture 
introduced. Naturally therefore part of the wave travels 
wholly through the fluid, and part through varying depths of 
the crystal. If r is the radius of the sphere, the part of area 

occupied wholly by the fluid is = i - 2" > 

through solid is this then represents the partition of area 

between the fluid and the solid. Let fi, fioj ^ respectively 
stand for the refractive index of the fluid, of the ordi- 
nary vibration and of the extraordinary vibration ; 
also we suppose >fto>/A. We write down the vibration 
issuing from the liquid at the other end of the layer con- 
sidered, as a sin pt. 
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Now as different elements of the ware will travel diffe* 
rent thicknesses of the crystal, we take i/r and x — R system of 
spherical polar co-ordinates within the crystal ; then for the 
part of the wave incident on the crystal at (\J/, x\ the retarda- 
tion of the ordinary vibration will be 

[2r COB ^(Mo-p)] = y-- (/*« -m) cos ^ 


where X is the wave-length Of light considered. 

The extraordinary vibration suffers a further change in phase 
depending on the angle between the wave-normal and the 
optic axis (0,^) and this is 

-y’* (/*,—/»<,) COS 

Also, the fraction of area traversed by the wave at (»^,x) is 

sin 1^. COB jj/dif/Mx 
n 

Hence for the vibration of the emergent light from both the 
crystal and the liquid, we get (omitting a or putting a equal 
to unity), 


( i-j-) +i 

sin cos 1^ dx 

7t 



4:nr 


cos^ 




sin 6,d 6,dip 
47r 


P^-- ^ (Po-p) COS^“~ 


/ \ ■ «/i f Bm.$.d,6.d(b Bmip. costp, dtp.dx 

“Po) cos ^ X 3 — ^ 

4;r TT 


the limits of the integral being 
between 0 


e 

X 


and 


it 

tt 


TT 

27r 

nj2 

2n 


f » 
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Now put (n„’-ft) -K. 
A 


and -4^ {he-P-o)- 


T 


It may be shown on simplifying and retaining up to tbe 
second order (regarding k and r as small quantities of the first 
order) and integrating, that the vibration is 

16 60 24 j ^ ^ “ 6 \ 3 j ^ ’ 

Hence the intensity is equal to 

_ iTT^ _ ^xr 

" 30 12 36 86' 8 

Hence the average loss in intensity or absorption per 
layer is 


Hence if I is the intensity of light encountering the xth. 
layer, 


dl=— a I. dx 


and I=:I„ 

where 

I, ssintensity of the incident light ; 

I = intensity of light after it has travelled X layers of the crystals. 


Substituting for a and writing 

2rs:dssthe diameter of the particle ; 
X X dsthe total thicknessst ; 

Xs total number of layers. 
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we have 

1 = 1 , + 

The pattioular case of a non-crystalline powder is obtained by 
putting fi0 s/j^,=3jx' (solid) W0 obtain 

1=1, exp.-^ t.'d. ^ g- ... (B) 

a formula very similar to that obtained and used by Sogani ^ 
in his experiment on ** the optical properties of chromatic 
emulsions ” and by Sethi ’’ on powdered glass. By comparing 
the formulae (A) and (B)' we find that the powder of an 
isotropic substance can be perfectly transparent for the parti- 
cular ware-length for which the liquid-mixture and the solid 
have the same refractive index; but then the maximum 
transparency of a doubly refracting solid is limited by the 
intrinsic difference between the two refractive indices and 
ftfl peculiar to the crystal. The formula in fact clearly 
indicates the increased absorption for the powder of a doubly 
refracting solid ; in fact, unless particles are taken sufficiently 
fine to compensate for the additional factors contributing 
to the absorption, there will be no appreciable transmission, 
but only a diffuse radiation through the suspension. 

8. Some Experimental Results, 

The difference between the transmitting powers of the 
crystalline and non-crystalline powders was strikingly shown 
by fused quartz and crystalline quartz ; whereas the former 
on immersion in a suitable liquid mixture showed very clear 


< Loe* ciU 
^ Loc. ciU 
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transmission with oomparatively large particles and consider- 
able thickness of the containing cell, the latter showed some 
transmission only when the particles were fine and the thick- 
ness of the cell rather small. 

The following observations were made with the powder 
of crystalline quartz immersed in a liquid mixture of benzene 
and carbon disulphide. It was first tested whether there is 
any depolarisation of the regularly transmitted beam. The 
refractive index of the liquid was adjusted so that the cell 
was transparent for the green region near 5461 line of mercury 
arc. A Zeiss green filter was placed in front of the mercury 
arc and the issuing green light was quenched by two crossed 
nicols. When the cell containing the heterogeneous medium 
was placed between the two nicols, no restoration of light 
(the image of the source) was visible. Of course, the restora- 
tion or the extinction could not be observed against a dark 
background as there always remained some diffused scattered 
light, which however did not change in intensity as the 
analyser was rotated. Hence it was concluded that the 
scattered light was indeed depolarised, but the regularly 
transmitted beam was not. 

To measure the intensity of the transmitted light, a 
Hilger Nutting Spectrophotometer was used. The following 
table gives the results of experiment as well as the values of 
intensity to be expected according to the formula presented 
above. The thickness of the medium was 9 ‘ 5 X 10 cm. 


Table. 


Wav#-length x 10^ cm. 

Intensity (Experiment). 

Intensity (Theory). 

m 

•0161 

*0101 

569 

*0199 

•0128 

546 

•0767 

•0907 

486 

•0878 

•0673 
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Under the microscope, the particles were not of uni- 
form size, the size varying from 2 to 6 x 10~* cm. The greater 
number, however, showed a diameter of about 2 7 X 10“* cm. 
actually used in the above computations. Since benzene and 
GSg especially show a rather large variation of refractive index 
with temperature, care was taken to ensure that both the 
refractive index and the intensity of light are measured at 
nearly the same temperature. 

In conclusion, I tender my grateful thanks to Prof. Sir 

O. V. Raman, Kt., who suggeeted the problem and also guided 
me throughout the work ; my thanks are also due to Prof. Dr. 

P. 0. Mitter of the Chemistry department for his very kindly 
allowing me the use of his Piilfrich Refractometer. 
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Magnetic Birefringence in Solutions of Sodium 
Chlorate and Sodium Bromate 

By 

S. W. Ohinchalkar. 

{Received for publkation, 6th July, 1932.) 

Abstract. 

Sodium chlorate and sodium bromate in aqueous solutions are found 
to exhibit a feeble magnetic birefringence, negative in sign, and smaller 
in magnitude than that shown by nitrates, as was predicted by Krishnan 
from his observations on the magnetic anisotropy of potassium chlorate 
crystal. (Values are given in Table I.) The optical anisotropy of the 
chlorate ions, calculated from the magnetic birefringence and Krishnan’s 
data, comes out of the same order of magnitude as is to be expected from 
the known birefringence of the crystal. 


1. Introduction. 

Apart from the great many organic compounds in which 
magnetic double refraction has been observed,^ there are also a 
few inorganic substances * like water, nitric acid and nitrate 
and nitrite ions in solution which exhibit a magnetic birefrin- 
gence. The sign of the birefringence is negative in water and 
positive in the other three mentioned. Raman and Krishnan ® 
have shown a correlation between the magnetic birefringence 


* See La&dolt.BorDBteiD Tabellen. Zweiter ErganzuDgsband, p. 913. 

^ BamaoadhaiD, Bid. Jour. Pbye., 4 , 109 (1929) ; Eaque, C.B., 190, 789 (1930). 

* Baman and Eriabnan, Proc. Roy. Soo., A, 116, 549X1997). 
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in nitric acid and the optical and magnetic properties of the 
nitrate crystals. Eecently^ while measuring the magnetic 
susceptibilities of certain crystals in different directions, 
Krishnan^ found that whereas in the nitrate crystals, the 
direction of maximum optical susceptibility nearly coincides 
with that of the minimum diamagnetic susceptibility, the 
reverse was seen to be the case for potassium chlorate 
crystals, the directions of maxima of the two coinciding. 
This indicated that the chlorate ions in solution should show a 
magnetic birefringence negative in sign, as opposed to the 
positive one shown by the nitrate ions. 

2. Results. 

The author tested solutions of sodium chlorate and sodium 
bromate for magnetic birefringence using the same half-shade 
analyser to detect and measure the birefringence as he used 
for the aliphatic liquids, the other experimental arrangement 
being also the same. The results are given in the table below, 
Cm being the relative value of magnetic birefringence on scale 
acetone" +1*6^, i. e., nitrobenzene =+100. 

Table I. 


Solute. 

Concentration of 
the solution. 

Concentration in 
gram, equiva- 
lents of the 
solute. 

Density of 
solution. 

1 

Observed C«» 
of solution. 

Cm after 
correcting 
for water. 

Sodium cblo* 
rate. 

0* 78gms. per 
c. c. solution. 

0*76 X 10-8 gnj, 
equivalent per 
c. c. solution. 

1’42 

-0 36±*08 

i 

- 0 % 

Sodium bro- 
mate. 

1 0*31 gms. ^ per 
c. c. solution. 

0*20 X lO"* goa . 
equivalent per 
c. c. solution. 

r22 

-0*26+03 

-on 


* E. 8. Erishnui. Pbja. Bev., 88, 888 (1981). 

( 8. W. ChinolMlkar, Ind. Joor, Pbja.. 9 , 166 (1981}. 
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The last oolumn gives the magnetic birefringence due to 
chlorate or bromate ions after|due correction is made for the 
water present, from the known concentration and density of 
the solution and assuming that the correction is proportional 
to the amount of water present. It is thus seen that the 
chlorate ions as expected from Krishnan*s work, as also the 
bromate ions, show a negativa magnetic birefringence. By 
comparing the values of 0^ aixd the concentrations in equi- 
valent weights, it can be seen that the bromate ions exhibit a 
stronger magnetic birefringence than the chlorate ions. It 
may be noted that the nitrate ions in a solution of the same 
equivalent concentration as that of sodium chlorate in the 
table, would exhibit a magnetic birefringence of the value 
0,„=+0‘75 nearly,® being thus in magnitude nearly three 
times that shown by the chlorate ions. 

3. Discussion, 

To compare the magnetic birefringence data for the 
chlorate ions with the magnetic and optical properties of the 
ions in the crystalline state, we take the case of potassium 
chlorate crystal cited by Erishnan. Potassium chlorate is a 
monoclinic crystal, but two of the principal refractive indices 
are very nearly equal, so that for practical purposes, it may 
be taken to be a uniaxial crystal. Zachariasen ^ has deter- 
mined its crystal structure and finds that there are two mole- 
cules per unit cell so orientated that the planes containing the 
three oxygen atoms of the GIO® ions are parallel to one 
another. The direction perpendicular to the plane of the 
oxygen atoms is the axis of the approximate uniaxial crystal. 
It is also the direction of the minimum diamagnetic suscepti- 
bility, and the magnetic symmetry axis. The chlorine atom is 
not in the plane of the oxygen atoms. Since the induced 

* Bjkqne, loo. cit. 

^ Zachariswn» Zeit. f. Cijtt. 71, fiOl (1929). 
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magnetic moments in an ion are too small to afEeot the 
neighbouring ions in the crystal, the difference (xn-xO 
tween the molar magnetic susceptibilities of the crystal along 
and perpendicular to the symmetry axis will be the sum of 
those for the individual ions. The optical moments are^ how- 
ever, known to be influenced by the neighbouring atoms and 
ions. Hence taking the magnetic susceptibility differences of 
the ions from the data for the crystal, and the experimental 
value of the magnetic birefringence, we can calculate on 
Langevin’s theory the difference in the optical susceptibility 
of the chlorate ion in solution in the two directions, and com- 
pare it with the value found from the refractivities of the 
crystal. This is done below. 

According to Langevin’s theory,® the formula for the 
Cotton-Mouton constant of magnetic birefringence can be put 
in the form 

(A'-B0 + (B-C) (B'-CO .|.(C-A)(C'-A')] (/) 

where A, B, 0, are the optical moments induced in a molecule 
by a unit electric fleld of the incident light wave acting along 
the three mutually perpendicular directions of the optical 
ellipsoid of the molecule. A', B', C', are the magnetic moments 
induced by a unit magnetic fleld along the same three direc- 
tions, and V is the number of molecules per c. c. In our case n 
would be the refractive index contributed by the chlorate ions, 
which can be calculated from the refractivity data for those 
ions. Also for these ions, if the axis of symmetry be taken to 
be the direction of A, then B'=C', and 

(A^~B0« ^^^P ^ 00 

where xu Xi molar diamagnetic susceptibilities 

along and perpendicular to the axis of symmetry and N is the 


8 Debye, Handbocb der Badiologie, Bd. yi, p. 769. 
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Avogadro number. Taking (xu-Xi). Krishnan’s data 
and the experimental value of Cmi and remembering that B=C, 
equation (i) gives the value of ( A -B); thence an equation 
analogous to (HI would give 

l^(A-B)«Ke-Bo (m) 

where Re and Ro are the gram, molecular refractivities 
along and perpendicular to the axis. The value of 
(Re— Ro) calculated in this way from equation (i) 
comes to-2*41±0*25. (R -R^) for KClOj crystal is 
-2'12from the refractivity data given in the International 
Critical Tables, ^ and -2*97 from the data of Porter. These 
are in fair agreement with ^e value obtained above, consider- 
ing the divergence between the two crystal valves, and the 
relative error involved in the measurement of the constant 
of magnetic'^birefringence. 

In conclusion, the author desires to express his grateful 
thanks to Prof. Sir C. V. Raman for his keen interest and 
suggestions. 

INDIAN Association fob the Ci'ltivation of Science, 

210, Bowbazab Stbbet, Calcutta. 

s Int. Crit. Tables. Vol. 1, p. 169. 

Quoted in Landolt Borosteia Tabellen, Zweiter ErganzuDgsband, p. 780. 
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Electronic G>nstitutk>n of Some Simple and 
Complex Derivatim of Copper in Relation 
to their Ma|[netic Properties. 

By 

S. S. Bhatnagab, Balwant Singh and Abdtjl Ghani. 

{Received for publication, 25th July, 1932.) 

Abstract 

1. The magnetic susceptibilities o£ 13 oompounds of copper have 
been determined in solution and in the solid state. 

2 . It has been shown that the copper compound, in which the central 
metallic atom or ion contains completed sub-groups, possesses zero 
magnetic moment and is diamagnetic, whilst those in which the sub-groups 
are incompletely filled are paramagnetic. 

In the formation of a oo-ordination compound, according 
to Sidgwick (Jour. Ohem. Soc., 1923, 128, 726), the central 
atom tends to assume the electronic configuration of the next 
higher inert gas, the co-ordinated atoms, groups or molecules 
being held by covalencies to the central nuclear atom. His 
view has been supported by Lowry (Jour. Soc. Chem. and 
Ind., 1923, 42, 816), Fowler (Discussion — Faraday Soc., 
“ Electronic Theory of Valency,” 1923) and Spiers (Jour. Soc.^ 
Ohem. & Ind., 1923^ 42, 684) and its importance has been 
revealed by Welo and Baudisoh (‘* Nature,** 1926, 116, 606) 
and Bose (Phfl. Mag., 8 , 1048, 1928). 
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Welo and Baudisch have brought into prominence the 
tact that the complex compounds whose * effective atomic 
number,’ is equal to that of the next higher inert gas exhibit 
diamagnetism as they form closed configurations like that of 
the latter. They also showed that complex compounds whose 
' effective atomic number * falls short of or increases the inert 
gas configuration exhibit paramagnetism. Bose has gone a 
step forward and assumes that the magnetic moments of 
complex salts expressed in terms of Bohr’s magneton are 
mostly proportional to the difference between their ^ effective 
atomic number ’ and the atomic number of the next higher 
inert gas. Both these rules afford considerable support to 
the Sidgwick concepts of the structure of a co-ordination 
compound. 

The magnetic properties of compounds, thus depend on 
the electronic configuration of the central atom. In general, 
atoms or ions which contain completed sub-groups possess 
zero, or very small magnetic moments and are diamagnetic, 
whilst those in which the sub-group is incompletely filled are 
paramagnetic . 

Magnetic susceptibilities of some simple and complex 
derivatives of copper have been determined in this investi- 
gation with a view to elucidate their electronic constitution. 


Experimental. 

The copper compounds were prepared by the well-known 
methods. 

1. The copper salts of fatty acids — copper acetate, copper 
propionate, copper butyrate, copper valerate, copper caproate— 
were prepared by neutralising the corresponding acids with 
copper carbonate. 
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2. The copper derivatives of jS-diketones vrere obtained 
by the methods whose references are given separately in each 
case. 

(a) Copper acetyl acetonate. Jour. Chera. Soc., 1914, 
108, 196. 

(b) Copper benzoyl acetonate. Beilstein. VII, p. 769. 

(c) Copper salt of aceto-acetio ester, Ber., 1898, 
31, 3153. 

(d) Copper dimethyl glyoxime. “ Collection,” 1929, 

p. 161. 

3. The complex derivatives of copper stabilised by 
ethylene diamine-bisethyl^e diammino-cupric nitrite, bis- 
ethylene diammino-cupric thiosulphate, bisethylene diammino- 
cupric hypophosphite were prepared according to the methods 
of Morgan and his co-workers (Jour. Chem. Soc., 1926, pp. 
2018-2027 and 1927, p. 1264). 

Tetra-kis-ethylene thio-carbamido cuprous nitrate was 
very kindly supplied by Prof. G. T. Morgan of the National 
Physical Laboratory, for which we are very highly grateful 
to him. 

Magnetic susceptibilities of the copper salts, in solution 
were determined by the Quincke’s method. Mass susceptibi- 
lity of the solute was then calculated in each case by the 
application of Wiedemann’s law (Pogg. Ann., 1865, 1, 126, and 
Jour. Amer. Chem. Soc., 1926, 48, 847). 

The results obtained in solution by the Quincke’s method 
were further verified by finding out magnetic susceptibilities 
of the copper salts in the soild state ’ by the Guoy’s method 
mcdified by Bhatnagar, Mathur and Kapur (Indian Jour. 
Phys., 1928, 3, 56). Erom the magnetic susceptibility values 
of the copper salts, (p) Weiss magnetons were calculated in 
each case and the results are given in the following table. 

1 Somo of the obeemtioas in the soild state were made by Mr, P. L. Kapur for 
which we are thankful to him. 

^6 
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Table I. 


SubBtance. 

f 

Mass 

Susceptibility. 

Molecular 
Susceptibility. 
X 10*. 

Curie 

Constant. 

Cm - 

Weiss 

Magneton 

Mean. 

Quincke. 

1 

1 

a 

! ^ 

1 i 

Quincke. 

s 

& 

0 

i 

1 


Ck>pper acetate 

7-614 

7*418 

1620 

1481 

1 

0*4605 

0*4486 

r 

9-6 

9*4 

9*5 

Copper propionate 

6-064 

6-704 

1879 

1627 

0*4186 

0 4626 

9*1 

9*6 

9*i 

Copper butyrate 

6*624 

6*046 

1438 

1646 

0*4356 

0-4793 

9*3 

9*7 

9*6 

Copper valerate 

' 6-117 

6*248 

1369 

1894 

0*4118 

0-4223 

9*0 

9*1 

9*1 

Copper caproate 

4-906 

6-089 

1441 

1406 

0*4364 

0-4629 

9*3 

9*6 

9*1 

Copper acetyl aceto- 
Date. 

6*646 

6*828 

1477 

1521 

0-4482 

0-4608 

9*4 

9*6 

9*5 

Copper benzoyl aceto* 
nat6< 1 

3-710 

3*786 

1431 

1460 

0*4357 

0*4422 

9*8 

9-4 

9*4 

Copper salt of aceto- 
acetic ester. 

i 

4*790 

6*136 

1640 

1660 

0*4668 

0*4989 

9*6 

1 

9*9 

9*8 

Copper dimethyl gly- j 
oxime. 

4-012 

6*677 

1448 

1676 

0-4371 

0*6078 

9*8 

10-0 

9*7 

Bisethylene diammino 
cupric nitrite. 

6-887 

6*198 

1609 

1700 ! 

0-4876 

0*6174 

9*8 


9*9 

Bisethylene diammino 
cupric thiosulphate. 

6-296 

6*413 

1667 

1606 

0-4782 

0*4863 

9*7 

9*8 

9*8 

Bisethylene diammino 
cupric bypophos- 
phite. 

5-116 

6*212 

1604 

1685 

0-4862 

0*4965 

9-8 

0-6 

9*9 


Tetra-kisethylene thio-carbamido ouproua nitrate is found 
to be diamagnetic and its speoido susceptibility determined by 
Wilson’s balance is —0*66x10“®. 


Discussion. 


According to Sidgwick (“ The Electronic 'Theory of 
Valency/* p. 264)^ tbe cupric. deriTatiTes of fatty acids are not 
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chelate compounds but exist in a covalent form. 

E — C — O — Cu — O — C — E 
II II 

O 0 

In this investigation these compounds are found to be para- 
magnetic and their (p) Weiss, magneton values vary from 9 to 
10 units. The magnetic moment of a molecule is due to spin 
moments of unpaired electrons. Thus the cupric ion in these 
compounds contains an incomiplete sub-group and its electronic 
structure is represented as 

Cu^ 2,' 224, 22446 

The paramagnetism exhibited by these compounds is. there- 
fore, due to the incomplete electronic M3 3 sub-group of the 
central metallic atom. 

The influence of co-ordination upon magnetic moment 
has been studied experimentally by a number of workers, 
notably by Eosenbohm (Z. Physikal. Ohem., 1919, 93, 693) 
and theoretical discussions have been given by Weloand 
Baudisch (loc. cit). They trace a relation between the 
magnetic moment and the ‘^effective atomic number,’ assuming 
that the co-ordinated groups are held by shared pairs of 
electrons. 

The * effective atomic number ’ in case of the cupric 
derivatives of /3-diketones and dimethyl glyoxime is equal to 
35(29 -fix 2-4-2 X 2 » 36)] as calculated according to Sidgwick’s 
rules (The Electronic Theory of Valency, p. 163)]. 

With ethylene diamine, copper forms a co-ordination 
complex having the following structure : 

^CHa— NHg NHa— CHa \ 

Cu 

^^CHa-NHa' NHj-CHay 


4 * + 
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The central metallic atom is co-ordinated with two molecules 
of the base (ethylene diamine) and its effective atomic number 
is equal to 35(29 + 2 x 4 - 2 ■■ 35). 

Thus the copper derivatires of /S-diketones, dimethyl 
glyoxime and ethylene diamine are four-fold co-ordination 
compounds having 35 as the ' effective atomic number ’ of 
the central metallic atom. The electronic structure of the 
co-ordinated copper atom is represented as 2, 224, 22445, 224 
which differs from the arrangement 2, 224, 22446, 224 for 
krypton, the next inert gas, in a shortage of one electron in 
the ninth (Mg 3) sub-group. According to Welo and Baudisch 
and Bose such compounds should exhibit paramagnetism. 

In this investigation copper acetyl acetonate, copper 
benzoyl acetonate, copper salt of aceto- acetic ester, copper 
dimethyl glyoxime, bisethylene diammino cupric thiosulphate, 
bisethylene diammino cupric nitrite and bisethylene diammino 
cupric hypophosphite are all experimentally found to be para- 
magnetic in accordance with the theory. These observations, 
therefore, confirm the structure assigned to the copper com- 
plex compounds. 

In tetrakisethylene thiocarbamido-cuprous nitrate, (Cu. 4 
etu) NOs, which may have the following structure : — 


CHo.NBL 



yNH.CHo- 

+ 

1 > 

:S 

S: 

:C/ 1 



\ 



1 


Cu 



(NO3)' 

OHa.NHv 

1 >0 
OHg.NH' 

:S 

S: 

yNH.CHg 

C< 1 



the cuprous ion is eight electrons short of the number required 
for the krypton structure, but by becoming co-ordinated with 
four molecular proportions of cyclic tbio-base (ethylene thio- 
carbamide etu) it acquires these additional deotrons. In 
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other words its ' effective atomic number ’ calculated according 
to Sidgwick’s rules would become equal to 36 ; because each 
of the ethylene thio-carbamide molecule adds two electrons 
and the (NO3)' radical attached to the complex by an electre- 
valent link, removes one electron thus leaving the total num- 
ber of electrons associated with the central copper atom equal 
to 36 (29 + 2 X 4 - 1 = 16). 

The number of electr^ms associated with the central 
copper atom in the complex is thus the same as the number in 
the inert gas atom krypton, and presumably forms a closed 
configuration of the inert gas type, with a zero magnetic 
moment. It has been verified experimentally as the complex 
compound is found to be diamagnetic. 

The influence of co-ordination upon magnetic moment in 
case of the complex compounds of copper studied in this in- 
vestigation is summarised in the following table. 


Table II. 



Co-ordina- 

Effective 

Magnetic Moubnt. 

Compound. 

tion 

number. 

Atomic 

Number. 

Weiss 

Magnetons. 

Bohr 

Magnetons. 

Copper acetjl acetonate 

4 

35 

9'50 

1*91 

Copper benzoyl acetonate 

4 

35 

9*35 

1*88 

Copper salt of aceto«ac6tic ester 

4 

35 

975 

1*96 

Copper dimethyl glyoxime 

4 

35 

9*65 

1-94 

Bisetbylene diammino cupric thio- 
sulphate ... 

4 

36 

1 

9*75 

1*96 

Bisethylene diammino cupric nitrite 

4 

35 

9*90 

1*99 

Bisethylene diammino cuprio hypo- 
phosphite 

i 

4 

1 35 

9*85 

1*98 

l^etrakisethylene thio*oarbamido 

cuprous nitrate 

4 

36 

0*0 

01) 
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The Taluee of the magnetic moments in Bohi magnetons 
for the above compounds are in accordance with Bose’s rule 
(Z-Z' <■ ft) where (Z) is the atomic numner of the next inert 
gas, (Z') the effective atomic number of the co-ordinating 
atom uid (n) the number of Bohr magnetons. 


Univbbsity Chemical Labobatobies, 

CNiVBBflm OF THE POBJAfi, 
Labobe (India). 
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PAKT I. 

Report on Scientific Investigations. 

1. The Raman Effect. 

Subsequent to last year’s report, various aspects of the 
subject have been under investigation and certain new branch- 
es were opened. Bhagavantam developed a special technique 
for the study of the Raman effect in gases maintained at pres- 
sures ranging up to 60 atmospheres. Special precautions, 
taken to prevent the parasitic light reflected from the walls of 
the container vessel, resulted in a number of important and 
new features being revealed in the spectra of most common 
gases. Using this method, he was able to analyse the rotation 
spectra of hydrogen, nitrogen and oxygen. Pressure was 
found to have a marked effect on the sharpness of the indivi- 
dual rotation lines. In some cases, they showed a tendency 
to broaden out and merge into each other above a certain 
critical pressure which could be computed from considerations 
of the frequency of collisions as derived from the kinetic 
theory of gases. Preliminary estimates of the absolute inten- 
sities and polarisation characters of the various Raman lines 
in simple molecules in the gaseous state have also been made. 
A comparison of the results with the existing theories of 
Raman scattering showed that, while the general ideas regard- 
ing the origin of the vibrational and rotational scattering are 
essentially correct, there is however a serious discrepancy 
between the predicted and observed intensities of the rota- 
tional scattering. This led to the very important and funda- 
mental consequence that light quantum has an intrinsic 
angular momentum of one Bohr unit. In order to test the 
consequences of this idea, the technique of photographing the 
light scattered by gases entirely free from parasitic illumina- 
tion was considerably improved and speotrophotometrio 
methods of determining its state of polarisatioa developed. 
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In a paper published in the Indian Journal of Physios, the 
results have been described in detail. In two other papers, 
Bhagarantam has considered the possibility of explaining 
several features in the Baman scattering by gases from a 
purely classical standpoint and has arrived at results which 
are in good agreement wi|th those derived from quantum 
theories. 

In continuation of his. researches on the scattering of 
light by crystal powders iklready reported in the year 1930, 
Dr. Krishnamurti extended Ihe studies to a number of other 
inorganic crystals. He h^ also studied various physico- 
chemical phenomena such 3 $ hydrate formation and hydrolytic 
dissociation by the help of the Baman effect. With a view to 
obtain the complete Baman spectra of liquids in an unambi- 
guous manner. Dr. Krishnamurti developed a special filter 
technique and with this method he investigated a few organic 
substances such as pyridine, acetic acid, benzenCj^ cyclohexane 
and octane. In these compounds, he was able to obtain many 
new frequencies, hitherto unrecorded, and thereby establish 
a more or less complete correlation between the Baman effect 
data and infra-red absorption maxima. 

An important line of work started by Mr. Sirkar in this 
laboratory was the accurate measurement of the intensities of 
the Baman lines in liquids and was referred to in the report 
for the previous year. During the year under report, he 
extended the investigations to other oases and compared the 
intensity of the Baman lines with those of the incident excit- 
ing mercury lines. Supporting his previous work, he found 
that there were marked deviations from the Bayleigh fourth 
pow^ law, the intensities of the Baman lines in the ultra- 
violet region increasing more rapidly than is indicated by the 
said law. He also studied the ratio of the intensities of the 
Stokes and anti Stokes Baman lines in carbon tetrachloride and 
showed that the ratio conformed very exactly to the theore- 
tioid expressions given by Placzek. 

■ I 
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Dr. Venkateswaran studied the Raman effeot in a number 
of substances falling into well defined chemical groups such 
as organic sulphides, inorganic halides, etc., and discussed 
the results in relation to the structures of these compounds. 

A particularly complete analysis of the Raman spectrum 
of an interesting substance, formic acid was made by 
Mr. Farthasarathy. 


2. Magnetism* 

Mr. Ghinchalkar studied the magnetic birefringence in 
aliphatic liquids by a sensitive half shade analyser. The 
precise values obtained enabled him to draw some interesting 
conclusions and supplement those drawn by Mr. Ramanadham 
earlier in this laboratory. The magnetic birefringence in 
carbon disulphide^, though negative in sign like the other 
aliphatics^ is known to be much larger in magnitude, being 
comparable with that of benzene. But calculations showed 
that the large value is due to its strong optical anisotropy, 
its magnetic anisotropy being much smaller than that of 
benzene and of the same order as that of other aliphatics. 
A comparison of magnetic anisotropies of organic molecules 
with their optical anisotropies also enabled him to find an 
interesting relation between these properties and the chemical 
structure. 

The most significant investigation on the magnetic bire- 
fringence made in the laboratory during the year under 
report was the discovery of a new type of magnetic bire- 
fringence. So far, all the substances showing this pheno- 
menon were known to belong to the diamagnetic class. 
Mr. Ghinchalkar investigated the magnetic birefringence in 
the solutions of certain paramagnetic salts and found that 
salts of cerium^ praseo-dymium, didymium and erbium showed 
a negative birefringence comparable with that in organic 
liquids, (gadolinium nitrate did not show an appreciable 
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effect though it is strongly paramagnetic. It is interesting 
to find that the paramagnetism of the gadolinium ions is 
due entirely to the spin of the electrons, while that of the 
others is partly due to the orbital motion of the electrons, 
indicating that an orbital contribution is necessary for the 
appearance of a paramagnetic birefringence. Tentative cal- 
culations of the magnetic birefringence to be expected on 
Langevin’s theory from cerium ions in solution,; assuming 
that the ions have the seme optical anisotropy as xenon 
atoms, give values which age of the same order as the ex- 
perimental ones. 

Using a modified fornt of Quincke’s capillary ascension 
method, Mr. S. F. Ranganadham studied the magnetic sus- 
ceptibilities of liquid mixtures. He found that they exhibited 
small deviations from the linear law which are of the same 
order as the corresponding deviations in densities of these 
mixtures. 

Another important line of work started by Mr. Filial 
was the investigation of the Faraday effect in paramagnetic 
solutions at different temperatures. He found that while 
for most of the solutions studied, the effect was nearly 
inversely proportional to the absolute temperature, in a few 
cases it was unaffected by changes in temperature and in 
one case, viz., that of ferric salts, it even increased with 
increasing temperature. 


8. X-ray Diffraction. 

Mr. S. Eanganathan studied the X*ray diffraction patterns 
of a number of gall-stones and arrived at some interesting 
conclusions. In all the varieties of stones examined, he 
found that the constituents were deposited in a crystalline 
state although there were minor variations as to the size of 
the crystalline particles in different stones. A comparison 
is made of the patterns obtained in various gall-stones with 
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the diffraction patterns for pure uric acid and cholesterol, 
the substances which usually constitute the above stones. 

4. Cathode Luminescence. 

In a study of the Baman effect in a large variety of 
diamonds, Mr. Bhagavantam recorded a strong band accom- 
panied by a continuous spectrum in the scattered light and 
identified these radiations as fluorescence which is typical 
of diamonds. In order to test this idea, Mr. John examined 
the spectrum emitted by diamonds under the bombardment 
of cathode rays and obtained some very interesting results. 
The band and the continuous radiation appeared in exactly 
the same position as in the above case. This investigation 
opens up a new field of research intimately connected with 
crystal structure and may be extended to a number of other 
solids, 


6. List of Papers published during the year 1931. 

Indian Journal of Physics, 

Vol. VI, Part I. 

1. A Study of the Baman Effect in Amorphous Solids — 
By S. Bhagavantam. 

2. Baman Spectra of Inorganic Crystals: Part III — 
By P. Erishnamurti. 

3. Baman Spectra of Some Organic Sulphides : Part I — 
By S. Venkateswaran. 


Vol. VI, Part II. 

4. The Influence of Exciting Frequency on the Inten- 
sities of Lines in Baman Spectra— By S. C. Sirkar. 
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Vol. VI, Part III. 

5. Magnetic Double Befraction in Aliphatic Liquids — 
By 8. W. Ohinchalkar. 

Vol. TI, Part IV. 

6. The Molecular Scaltering of Light ; Nobel Lecture — 
By Sir 0. V. Eaman. ' 

7. The Raman Specif of Some Inorganic Halides — 
By S. Venkateswaran. 

8. The Raman Spectritim of Formic Acid — By S. Partha- 
sarathy. 

9. On the Relative Intensities of Stokes and Anti*Stokes 
Lines in the Raman Spectrum — By S. C. Sirkar. 

10. Cathode Luminescence of Diamond — By M. V. 
John. 

11. Raman Spectra of Some Organic Crystals and Solu- 
tions — By P. Krishnamurti. 

12. Raman Effect in Gases: I. Some Experimental 
Results — By S. Bhagavantam. 

13. Raman Effect in Gases : II. Some Theoretical Con- 
siderations — By 8. Bhagavantam. 

14. Study of Hydrolytic Dissociation by Raman Effect— 
By F. Krishnamurti. 

16. Experimental Proof of the Spin of the Photon — By 
Sir C. V. Raman and S. Bhagavantam. 

Vol. VI, Part V. 

16. The Complete Raman Spectrum in relation to 
Infra-red absorption. Part I, Pyridine and Acetic Acid — ^by 
P. Krishnamurti. 

17. Reversal of Circular Polarisation in Raman Scatter- 
ing— By S. Bhagavantam. 
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18. Baman Effect and Formation of Hydrates in Solu- 
tion — By P. Erishnamurti. 

19. Magnetic Susceptibilities of Liquid Mixtures By 

S. P. Banganadham. 

20. X-Bay Diffraction Studies in Calculi — By B. Banga- 
nathan. 

21. A Note on the Scattering of Light in Urines — By 
S. Banganathan. 


Vol. VI, Part VI. 

22. The Complete Baman Spectrum in relation to 
Infra-red Absorption. Part II, Benzene, Cyclohexane and 
Octane — ^By P. Erishnamurti. 

23. Baman Effect in Gases. III. Comparison of Theory 
and Experiment — By S. Bhagavantam. 

24. Magnetic Birefringence and Molecular Anisotropy — 
By 8. W. Chinchalkar. 

26. Thermal Variation of Faraday Botation — By P. E. 
Pillai. 

26. A New Type of Magnetic Birefringence — ^By 8. W. 
Chinchalkar. 

27. Baman Spectra of the Simpler Hydrocarbons— By 
S. Bhagavantam. 

Zeitschrift fur Eristallographie, Band 77, 1931. 

28. Baman Effect in Calcite and Aragonite — By S. 
Bhagavantam. 


Nature^ 1931. 

29. Baman Spectrum of Hydrogen Peroxide— by S. 
Venkateswaran. 

30 Baman Spectra of Gases— By S. Bhagavantam. 

81. Diamagnetism of Liquid Mixtures — ^By S. P. Banga- 
nadham. 
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32. Polarisation of Itaman Scattering by Hydrogen 
Gas — ^By S. Bhagavantam. 

38. Evidence for the Spin of the Photon from Light- 
scattering — By Sir 0. V. Raman and S. Bhagavantam. 

34. Effect of Pressure on Raman Spectra — By S. Bhaga- 
vantam. 

35. Intensity of Raman Scattering in Gases — By S. 
Bhagavantam. 

36. Experimental Demonstration of Spin of Light — By 
Sir 0. y. Raman and S. Bhagavantam. 

37. Angular Momentum of Light — By Sir C. V. Raman. 

38. India’s Debt to Faraday — By Sir C. V. Raman. 

39. Doppler Effect in Light-scattering — By Sir 0. V. 
Raman. 

40. Raman Spectra of Liquid Mixtures — By P. Erishna- 
murti. 

41. Spin of Light Quanta — ^By Sir C. V. Raman and 
S. Bhagavantam. 

42. A New Type of Magnetic Birefringence — By Sir 
0. y. Raman and S. W. Ghinohalkar. 

43. Atoms and Moleculess as Fitzgerald Oscillators — By 
By Sir 0. Y. Raman. 

44. Light-scattering in Liquids — By 8. yankateswaran. 


PART II. 

Administrative Report. 

6. Ottr Research Workers. 

Facilities for research work in our laboratory were given 
during the year 1931 to 36 research workers belonging to 
different Provinces. The King Edward Memorial Society of 
Nagpur has deputed a research scholar at their expense to 
work in the la^ratory of this Association. 
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7. Lecture Arrangements. 

Begular courses of lectures in physics and chemistry for 
the benefit of students were delivered at the Association with 
the aid of our apparatus and demonstrators. 

8. Laboratory Equipments. 

The following additions have been made during the year 
to our stock of apparatus : — 

1. One Park Royal Ammeter 0-10. 

2. One High Illumination Spectrograph No. 106-5987. 

3. One Leitz Epidiascope. 

4. One Fhoto-Miorographic Camera. 

5. One Table Polishing Machine with 220-volt Motor 
and three discs. 

6. One Universal Colorimeter complete with cups and 
Microcups plungers and Nephelometer. Attachment 
lamp and Resistance. 

7. One Polarising microscope with objectives I and III 
Eye-piece, etc. 

8. One Micro-Camera Attachment. 

9. One Arc Jjamp with condensing lens. 

10. Two fixed Resistances. 

11. One Transformer 110 Volts and 22 V. A. 0. to 6 V. 
6 Amp. with Ammeter. 

12. One Aplanatic Nonspherical lens, C. Zeiss. 

13. Three Pointolite Mercury Arc Lamps. 

14. One Screen for Projection. 

16. One Bozen Pure Carbon, Adam Hilger 1 with Hilger 

16. One Packet 2 gramms B. U. Powder S certificates. 

17. Three Thick Quartz tubes. 

18. One Quartz Burner. 

19. Three Plane paraUel glass plates, Zeiss. 

30. Two Photometer Scremis Flatinimi Spattered. 
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21. 0 yds. Thick Tungsten Wire. 

22. 1000 O.P. Pointolite. 

23. One 8" Condenser. 


9. Workshop. 

The following apparatus were manufactured during the 
year by the mechanics in tl^ Workshop of the Association : — 

1. One High-pre88ur$ steel apparatus for investigation 
of Baman Effect gases. 

2. Pour Electrical Hhaters. 

3. Two Hartmann I^phragms. 

4. Two Wedges for Spectroscope slits. 

6. Union Nuts for gas cylinders. 

6. One Left-handed screw adapter. 

7. Pour brass clamps and stands for magnetic work. 

8. Two lead slits for X-ray work. 

9. A few accessories of steel sockets, etc., for steel 
protecting tube for high-pressure gas work. 

10. Pittings of black glass as background for high- 
pressure work. 

11. Pitting up of pressure gauges for high-pressure gas 
work. 

12. One Liquid stirring apparatus. 

13. Apparatus for investigation on mechanical birefrin- 
gence in liquids. 

14. Pour adjustable metallic plate-holders for grating, 
etc. 

15. One stout steel cross tube for high-pressure gas work. 

16. Modification of safety valves for Liquid-air Machine. 

17. Brass apparatus, Bayleigh’s Befractometer. 

18. One Goniometer. 

Besides the above apparatus^ numerous repairs and fittings 
for Laborateny were executed during the year under report. 

8 « 
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10. Library and Reading Room. 

The following publications were subscribed for as usual : — 

1. Scientific American. 

2. Nature. 

3. Science Abstracts^ A and B. 

4. American Journal of Science. 

5. Philosophical Magazine. 

6. Astrophysical Journal. 

7. Chemical News. 

8. Proceedings of the Eoyal Society, A. 

9. Proceedings of the Eoyal Institution of Great 
Britain. 

10. Transactions of the Eoyal Society, A. 

11. Physical Eeview. 

12. Physikalische Berichte. 

13. Zeitsohrift fur Physik. 

14. Annalen der Physik. 

15. Physikalische Zeitschrift. 

16. Journal of the American Chemical Society. 

17. Journal of Physical Chemistry. 

18. Proceedings of the National Academy of Sciences, 
Washington. 

19. Zeitschrift fur Kristallograpbie, A and B. 

20. Zeitschrift fur Physikalische Chemie. 

21. Annales de Physique. 

22. Comptes Eendus. 

23. Chemical Abstracts. 

24. Eevue de Optique. 

25. Science Progress. 

26. Naturwissenschaften. 

27. Journal of the Chemical Society of London and 
British Chemical Abstracts, A. 

28. Transactions of the Faraday Society. 

29. Zeitsohrift fur Astrophysik. 
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We have to acknowledge with thanks the presentation of 
Journals and periodicals in exchange for our Proceedings from 
the following Societies and Institutions : — 

1. The Smithsonian Institution. 

2. Cambridge Philosophical Society. 

3. Physico-Mathematical Society, Tokyo, Japan. 

4. Manchester Literal and Philosophical Society. 

5. American Fhilosoj^hical Society. 

6. University of Illinois. 

7. Academie der Wiaisenschaften, Leipzig. 

8. Franklin Institute. 

9. South African Association for the Advancement of 
Science. 

10. The Prussian Academy of Science, Berlin. 

11. University of Philadelphia. 

12. The Physical Society of France. 

13. Bureau of Standards, Washington, 

14. University of Iowa. 

16. University of Calcutta. 

16. Calcutta Mathematical Society. 

17. Indian Chemical Society. 

18. Reale Academia Nazionale Die Lincei, Rome. 

19. Society de Physique et D’Historie-Naturelle, Geneve. 

20. Bayerischen Academie der WiBsenschaften,Munchen. 

21. Der Gesselschaft de Wissenschaften, Gottingen. 

22. University of Allahabad. 

23. Imperial Agricultural Institute, Pusa. 

24. Asiatic Society of Bengal. 

25. Indian Institute of Science, Bangalore. 

26. The Geological Survey of India. 

27. Indian Mathematical Society (Presentation from 
Prof. Sir C. V. Raman). 

28. Academy of ScienoeSj^ Cracow. 

29. University of Brazil. 
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30. University de la Bruno. 

31. Academy of Sciences, Leningrad, Russia. 

32. University of Durham. 

33. Royal Academy of Sciences, Amsterdam. 

34. Imperial Academy, Tokyo, Japan. 

35. De La Eacultad de Sciences, La Plata. 

36. Royal Meteorological Society, London. 

37. University of Prankfurt-a-main. 

88. Royal Dublin Society. 

39. Tohoku Imperial University. 

40. Institute of Physical and Chemical Research, Japan. 

41. Royal Academy of Sciences, Copenhagen. 

42. Kodaikanal Observatory. 

43. College of Science, Kyoto, Japan. 

44. National Research Council, Japan. 

45. Academy of Sciences, Vienna, Austria. 

46. Proceedings of the Royal Society “ B,” London. 
(Presentation from Prof. Sir C. V. Raman.) 

47. Transactions of the Royal Society “ B,” London. 
(Presentation from Prof. Sir C. V. Raman.) 

48. Societe Chimique, Zagreb, Yougoslave. 

49. Hungary University (Szeged). 

50. Ungarische Akademie, Budapest. 

51. American Chemical Society (Industrial and En- 
gineering Chemistry). 

52. Della Societa Italiana Di Pisica. 

53. Societe De Chimie-Physique, Paris. 

54. Mathematikai es Physikai Akademia, Budapest. 

55. National Physical Laboratory of London. 

66. Nederlandsch Tijdsohrift Voor Naturkunde. 

57. Physical Society of London. 

58. Comite de Revue Generale des Sciences. 

59. Editor of ‘Physique Theorique,’ 

60. University of Upsala. 

61. University of California. 
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62. WisBenschaftliche Yeroffentlichungen aus dem Sie- 
mens Eonzern. 

63. Societe Polanaise de Physique, Warszawa. 

64. Sooiete Yaudoise des Sciences Naturelles, Lausanne. 

66. United States Pepartment of Agriculture. 

66. The Editor of Terrestrial Magnetism and Atmos- 
pheric Electricity. 

67. De L’Institute Paatteur, Paris. 

68. Swiss Physical So^ety. 

69. Canada Geological Survey. 

70. Society Polonaise des Naturalistes Kopernik. 

71. Eoyal Canadian Institute. 

72. Deutschen Eatur^issenschattlich-Medizinischen 
Verein fur Bohmen “ Lotos ” (Prag). 

The following books were purchased during 1931 1 — 

1. Astrophysik, by S. Rosseland. 

2. The New Conceptions of Matter, C. G. Darwin. 

3. Studies in Optics, A. A, Michelson. 

4. Spectra, R. C. Johnson and C. W. Richardson. 

6. Elements of Thermodynamics, by Eernald. 

6. Recent Advances in Analytical Chemistry, Vols. I 
and II, C. A. Mitchell. 

7. Molecular Rearrangements, C. W. Porter. 

8. Spectroscopy, Yols. I, II & III, E. C. C. Baly. 

9. A Comprehensive Treatise on Inorganic and Theore- 
tical Chemistry, Yol. XI, J. W. Mellor. 

10. The Mechanism of Homogeneous Organic Reactions 
from the Physical-Chemical Standpoint, Prancis 
Owen Rice. 

11. Donnees Neumeriques de Spectroscopie, Yol. YII. 

12. Landolt-Bornstein Physikalisoh-Chemische Tabellen. 
Part 1, 1031. 2nd Extra Band, 2nd Series 1931. 

13. Handbuch der Experimental Physik, Band II, 3 Teil, 
Band lY, Teil I, Band XXY, 2 Teil. 
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14. Handbuoh der Spectrosoopie, Kayser. 

15. Gmelins Handbuoh der Anorganischen Chemie, 8 
Auflage Sys. No. 69 and Toil B. 4. 

16. Handbuch der Experimental Physik, Additional 
Band 1, 1931, W. Weizel. 

17. Der SmekahEaman Effect, E.W.F. Eohlrausch. 

18. Encyklopadie der Mathematischen Wissenchaften — 
Band III, No. 10. 

19. International Critical Tables, Vol. VII, Index Vols. 
I to VII. 

20. Eeport of the British Association for the Advance- 
ment of Science, 1930. 

21. Tables Annuelles de Constants de Donnees Nume* 
riques, Vols. I and V. 1930. 


11. Financial Statement. 


Government Securities in Bank — Slst December, 1931. 


Oenerel Fund 
Bipon Prof. Fund 
Victoria Prof. Fund 
Cooch-Bebar Prof. Fund 
Hare Prof. Fund 
Nikunja 0. Prize Fund . 
Jotindra.Ch. Prize Fund 
Joykisaen Medal Fund 
Woodbum Medal Fund 
Dr. Sircar Beaearch Medal Fund 
Floating BaJanoe in the Bank ... 
Oaah Balanee ia the Office 


BS. AS. p. 

1,87,800 0 0 
.. 17,000 0 0 

1,000 0 0 
.. 21,600 0 0 

.. 1,000 0 0 

600 0 0 
.. 600 0 0 

9.000 0 0 

.. 600 0 0 

8.000 0 0 
... 148,476 8 1 

624 7. 3 
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GoTernment Securities in Bank— Slst December, 1930. 





Bs. AS. P. 

G«neral Fond 

... 


... 1,87,800 0 0 

Eipon Prof. Fund 


t • • 

... 17,000 0 0 

Victoria Prof. Fund 


... 

1,000 0 0 

Ooocb-Behar Prof. Fund 

, 


... 21,500 0 0 

Haie Prof. Fund 

eta 

»«• 

1,000 0 0 

Nikunja G. Prize Fund 

tat 

... 

600 0 0 

Jotindra Ch. Prize Fund 


1 • • 

600 0 0 

Jojkissen Medal Fund 


tat 

... 9,000 0 0 

Woodbum Medal Fund 

tat 

• •• 

600 0 0 

Dr. Sircar Research Medal Fund 

ttt 


3,000 0 0 

Floating Balance in the Bank ... 

itt 

ttft 

... 1,13,215 2 8 

Cash Balance in the Office 

«•« 


1,620 12 0 
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Statement of Accounts for 1981. 
Receipts. 

Subscriptions 
Donations ... 

Kent from shops 
Miscellaneous Beceipts 
Dr. Sircar Memorial Fund 
Building Fund 
Government of India Grant 
Sale of Publications ... 

Advertisement 

Interest Account, General Fund ... 

„ Kipon P. Fund... 


Nikunja G. Prize Fund 

... 17 

8 

0 

„ Jatindra Oh. Prize Fund 

... 21 

0 

0 

„ Woodburn Medal Fund 

... 17 

8 

0 

„ Dr. Sircar Medal Fund 

... 106 

0 

0 

„ Victoria Prof. Fund 

... 36 

0 

0 

„ Cooch-Behar Prof. Fund 

... 762 

8 

0 

„ Hare Prof. Fund 

... 36 

0 

0 

„ Joykissen Medal Fund 

316 

0 

0 

Suspense Account 

... 193 

14 

0 

Provident Fund 

GO 

GO 

9 

10 

Old Material Sale 

... 60 

8 

0 

Post Office Savings Bank vrithdrawn 

... 520 

0 

0 

Opening Balance on 1st January, 1931— 




At Imperial Bank 

1,13,216 

2 

8 

At Office 

... 1,6£0 

12 

0 

Total 

1,69,180 

11 

8 


Examined and Found Correct. 
S4HA & MAZUHSEa, 

Government Certified Hvditore.. 


BS. AS. p. 

... 232 0 0 

.. 200 0 0 

...4,832 0 0 

...2,021 4 6 

... 706 0 0 

... 260 0 0 

20,000 0 0 

...3,122 4 8 

.. 275 0 0 

... 9,784 12 0 

... 676 0 0 
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The Year Ended 31st December, 1931. 
Payments. 


Commission a/c General Fund 

Bs. 

... 28 

AS. 

12 

P. 

0 

„ Bipon Prtrf. Fund 

... 1 

6 

0 

„ Nikunja Q, P. Fund 

... 0 

3 

0 

Fistablishment Account 

6,996 

13 

3 

Municipal Tax 

... 686 

12 

0 

Electric Charges 

3,201 

11 

6 

Gas Charges 

... 219 

3 

3 

Building Eepairs 

... 876 

2 

9 

Laboratory Charges 

... 4,918 

2 

9 

Workshop Charges 

... 829 

10 

6 

Postage and Telegram ... 

... 1,426 

9 

6 

Printing Charges 

... 1,864 

2 

6 

Miscellaneous Charges 

... 2,438 

0 

6 

Telephone Charges 

... 239 

1 

6 

Besearch Scholarship ... 

... 6,076 

0 

0 

Institute Contribution to Provident Fund 

... 168 

2 

0 

Scientific Instrument, General Fund 

...4,146 

9 

3 

Library 

... 3,306 

1 

3 

Electric Accessories ... 

... 362 

4 

0 

Post Office Savings Bank Deposits 

... 476 

3 

10 

Furniture ... 

... 992 

2 

0 

Suspense ... 

... 179 

0 

0 

Provident Fund 

... 248 

0 

0 

Maharaja of Darbhanga Fund 

... 626 

0 

0 

Closing Balance on Slst December, 1931 — 
At Imperial Bank 

1.18,476 

3 

1 

Alt O£0ice ... ... 

... 624 

7 

3 

Totax 

1,69,180 11 

8 


9 
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Balance Sheet. 
Liabilities. 




Rs. 

AS. 

p. 

General Fund 


2,11,062 

2 

11 

Investment Reserve Fund 

... 

1,16,094 

0 

0 

Depreciation Reserve Fund, Property 

• • • 

61,852 

6 

3 

„ „ Instrument... 

66,495 

7 

8 

„ „ Furniture 

• •• 

4,921 

0 

0 

„ „ Library 

» * • 

18,660 12 

4 

Provident Fund 

... 

2,964 

2 

6 

Victoria Prof. Fund 

• • • 

1,000 

0 

0 

Ripon Prof. Fund ... 

• •• 

17,000 

0 

0 

Hare Prof. Fund ... 

» . * 

1,000 

0 

0 

Maharaja of Cooch-Behar Prof. Fund 

... 

21,600 

0 

0 

Nikunja Garabini Prize Fund ... 

... 

500 

0 

0 

Jatindra Chandra Prize Fund , . , 

* *»• 

6j0 

0 

0 

Joykissen Medal Fund 

• •• 

9,000 

0 

0 

Woodburn Medal Fund 

• • • 

600 

0 

0 

Dr. Sircar Research Medal Fund 


3,000 

0 

0 

Dr. Sircar Memorial Fund 

t » • 

16,860 12 

3 

Vizianagram Fund 

• • • 

40 

0 

0 

Building Fund 

• •• 

7,680 

0 

0 

Maharaja of Darbhanga Fund 

... 

400 

0 

0 

Viharilala Building Fund 

• . . 

1,00,000 

0 

0 

Dr. Sircar Medal Fund, Interest 

... 

1,060 

0 

0 

Nikunja Garabini Prize Fund, Interest 

• • • 

334 10 

2 

Ripon Prof. Fund, Interest 

... 

2,786 10 

3 

Woodburn Medal Fund, Interest 

• . * 

246 

8 

0 

Jatindra Chandra Prize Fund, Interest 

... 

207 

11 

0 

Joykissen Medal Fund, Interest 

• • ■ 

1,699 

0 

0 

Victoria Prof. Fund „ 

• •• 

140 

0 

0 

Hare Prof. Fund „ 

• • • 

140 

0 

0 

Maharaja of Cooch-Behar Prof. Fund 

t * ■ 

3,010 

0 

0 

Government of India Grant ... 

• • • 

366 12 

9 

Total 

• *« 

6,48,781 

0 

0 


Saha and Majumdeb, 
Government Certified Auditors, 
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ids at 81st December, 1931. 



Assets, 

Rs. 

AS. 

A. 

Land and Old Building 

••• ••• 

31,680 11 

9 

Lecture Hall and Gallery 

••• • > • 

23.465 

6 

3 

Yizianagram Laboratory 


40,900 14 

0 

Observatory Room ... 

• •• » > • 

3,320 

9 

9 

Range of Shops (East) 

• • « t • • 

2,616 10 

9 

Range of Shops (West) 

• •• ... 

2,308 

6 

0 

Servants Quarters ... 


1,024 

0 

0 

Darwans’ 

• • ■ ••• 

303 13 

9 

Scientific Instruments (K. t. Tagore Fund) 

26,000 

0 

0 

Scientific „ (General Fund) 

84,431 

2 

6 

Botanical „ 

••• 

2,329 

6 

0 

Workshop „ 

• . • » • « 

9,861 

6 

9 

Tools and Implements 

••• ••• 

203 

3 

3 

Library a/c 

» * • • • ■ 

46,780 15 

4 

Furniture a/o 

• • • • • • 

14,102 

0 

3 

Suspense a/c 

• • • • • • 

17 

11 

0 

Government Securities 3^ per cent. G. Fund 

1,87,800 

0 

0 

)) 

Ripon Prof. Fund 

13,000 

0 

0 

91 

Victoria Prof. Fund 

1,000 

0 

0 

9 ) 

Cooch-Behar Prof. 





Fund 

21,600 

0 

0 

99 

Hare Prof. Fund 

1,000 

0 

0 


Nikunja G. P. Fund 

600 

0 

0 

99 

Jatindra Oh. P. 





Fund 

600 

0 

0 

99 

Joykissen M. Fund 

9,000 

0 

0 

99 

Woodburn Medal 





Fund 

600 

0 

0 

9 ) 

Br. Sircar Research 





Medal Fund ... 

3,000 

0 

0 

99 

G. P. Notes 3 per 





cent. Ripon Prof. 





Fund 

4,000 

0 

0 

Balance at Post Office Savings Bank 

635 

8 

6 

Imperial Bank of India 

••• ••• 

1,18,476 

3 

1 

Office ... 

• • fl 1 1 • 

624 

7 

3 


Total 

6,48,781 

0 

0 


C. V. Raman, 
Hony. Secretary. 




Moleftdhr Rotatm in Liquids as Revealed 
by the iRaman Effect 

By 

6. p/AKaAKADHAM. 

{Recemd for pnb^ation, 4th lugust^ 1932.) 

ISTAAOT. 

The depolarimtion of the lettered light is speotroscopioally deter* 
mined for A 4046 and 4358 radiAtione of the meronry mro, using suoces* 
sively narrow and wide slit 4 |for 14 different liquids. From these 
obserTatious, the aggregate inti^sity of tiw rotation wing in relation to 
that of the pure Bayleigh scattving is dednoed. A computation of this 
quantity is made on tiie assumption that the theory developed by Manne- 
backforthe rotational soattering by gases is applioable also to liquids. 
When modifications recently indicated by Raman and Bbagavantam are 
taken account of, good agreement is found between the observed and 
oaloulated intensities of the rotation scattering in a large number of non* 
assooiating liquids sneh as benzene. It is concluded that in such liquids, 
the moleonlsB are more or less free to rotate. On the other hand, the 
results Aow that, in highly viscous or associating liquids like salol or 
formic acid, the intensity of the rotation wing is far below the theoretically 
expected vidueand thus they suggest a large impedance to molecular 
rotation in such cases. 

The last section is devoted to an experimental investigation of the 
intensity dMhn^t^ in the rotation ofbtnzene. the results show 
that thsy^e is a gn^nid Ifdhng ot of intensity &om a mstximnm at or very 
near the &ia^d||||li Ibe this is not in accordance with the view 
that a single kitzeneis the scattering unit and as such a tent*- 

tive of^lboleonles k i'‘‘nrtia 
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1. Introduction. 

The diffuse wings thai appear on eioher side of the 
Rayleigh line in the light scattered by certain liquids were 
recognised and explained by Raman and Krishnan ^ as due to 
exchanges of rotational energy between the molecules and the 
impinging light quanta. They found that the effect was very 
marked in certain substances like benzene and carbon disul- 
phide while it was hardly noticeable in a liquid like carbon 
tetrachloride and suggested a possible quantitative relation- 
ship between the intensity of such wings and the optical 
anisotropy of the scattering molecules. Subsequent theoretical 
investigations by Manneback ^ have afforded quantitative ex- 
pressions connecting the two phenomena in certain simple 
cases. Recent investigations by Raman and Bhaga van tarn '' 
on the subject of light scattering in gases have further em- 
phasised the importance of studying the intensity and polarisa- 
tion characters of both Rayleigh and rotational Raman 
scattering as an aid to the verification and development of the 
theoretical aspects of the subject. 

The above experiments and the theory are however confin- 
ed to gaseous molecules and as such, leave the subject of 
liquid state untouched. It is proposed in this paper to extend 
the studies to liquids with a view to examine the applicability 
or otherwise of the above theories in such cases and eventually 
throw light on the nature of the liquid state. Two different 
aspects of the subject, viz.^ <i). the aggregate intensity of the 
rotational wing in relation to the aggregate intensity of the 
Rayleigh scattering and (iiX the distribution of intensity in 
the wing itself will be de^lt with here. 


1 Nature. 122, 862. (1928). 
s Z. f. Pbysik. 62, 224 (1980).' 
» tod. J. Pbys., 6, 868, (1981). 
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2. Method of Measurement and Experimental details. 

The essential fe^itures of the method employed here have 
already been indicated by Raman and Bhagavantam. * The 
state of polarisation of the scattered light for any particular 
wave-length is spectroscopically determined by using very 
narrow and very wide slits successively. The difference bet- 
ween the two values constiisites a measure of the intensity of 
the rotational wing in relation to the pure Rayleigh scattering. 
The success of the metho| in practice, however, depends on 
the following conditions beiDg fulfilled. In the case of the 
wide slit, the broad photographic image obtained on the plate 
should envelope the ent|re rotational wing to ensure the 
aggregate effect being observed. On the other hand, in the 
case of the narrow slit, the image should be so sharp that it 
constitutes only the Rayleigh scattering while the entire rota- 
tional wing is resolved from it and separated out. It is clear 
that the method breaks down when the rotation wing is spread 
out over a considerable region of the spectrum. 

The following calculation, based on the assuption that all 
parts of the rotional wing exhibit a depolarisation of 6/7 when 
unpolarised incident light is used,” shows how the ratio of the 
aggregate intensity of the wing to that of the Rayleigh line 
may be deduced from the observed narrow and wide slit 
depolarisation values. As usual, Z represents the strong 
or the vertical component and X the weak or the horizontal 
component. We may represent the desired ratio by p and 
express it as 


y,— I« (Baman) + Ij ^aman) 
I, (Eayleigh) + I,. (Eayieigh) 


* Zioe. cH. 

* laa. J. Phys., 7, 79 (1982). 
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If p„ and p„ respectively represent the narrow and wide slit 
depolarisation values, we have 


I* (Eayleigh) . _I* (Bayleigh)+I, (Eamaa) 

I. (Rayleigh) ’ I, (Rayleigh)+I. (Eam^SiT 

Remembering that I„/I, (Raman) is 6/7, we can easily express 
p in terms of />* and p„ in the following way : 


(6-7 (p„ + l) 


( 1 ) 


The experimental determination of p„ and p^ is made by inter- 
posing a nicol in the path of the scattered light before it 
enters the slit of a spectrograph. The spectra, one slightly 
above the other, are photographed on the same plate with the 
vibration axis of the nicol in the vertical and horizontal posi- 
tions respectively. By trying different times of exposure for 
the one or the other, the intensities of the horizontal and the 
vertical components of the scattered light are rendered equal 
for any particular wave-length ; actually, the measurements 
were made for the 4046 and 4368 A.U. of the mercury arc. 
The values for the two wave-lengths do not differ from one 
another. In this connection, it may be remarked that Krishnan 
and Sirkar* find such a constancy of depolarisation for 
different wave-lengths in benzene. Under such conditions, 
the depolarisation of the scattered light is given by the 
formula 


/ T \0'86 

[if/I.'x.l00/D=( j 

In the above relation D represents the percentage depolarisa- 
tion induced by the instrument itself, due to oblique refrac. 
tion at the prism surfaces. 


* Ind.J.Pl>yB.,6,198(1631). 
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In the above method, there are various difficulties and 
sources of error which may be briefly mentioned here. In 
the first place, it is easily seen from equation (1) that for 
liquids in which approaches 6/7, p^o also approaches 6/7, and 
it becomes increasingly difficult to evaluate p accurately as it 
depends on a small and gradually vanishing quantity 
Another difficulty arises if there is a continuous background 
in the scattered light bedause, as the slit is opened, not only 
does the rotational wii^ fall on the top of the Rayleigh line, 
but also the aggregate ii|H:ensity of the continuous spectrum 
present in the particular region. The stray light due to 
reflection from the si^s of the containing vessel has to be 
carefully avoided by keelping the liquids in completely black- 
ened containers of suitable shape and capacity and having 
clear windows only for illumination and observation. Another 
important source of error is that due to a lack of transversality 
of the illuminating rays and this is eliminated by using a 
small source of light in place of the usual 6-inch mercury arc. 
For a fuller discussion of the various sources of error and the 
experimental details, reference may be made to the recent 
papers of Raman and Bhaga van tarn already cited. 


3. Results. 

The liquids have been grouped into 3 divisions : (i) asso- 
ciating, (ii) non-associating, and (Hi) viscous liquids. In the 
following table, the observed depolarisation values for the 
narrow and wide slits are given. The value of p which repre- 
sents the ratio of the aggregate intensity of the rotational 
wing to that of the Rayleigh line is deduced with the help of 
equation (1) for each liquid and is given in the fifth column. 
The last column contains the value of p calculated from 8, the 
known optical anisotropy of the molecule in the liquid state, 
in a manner described in the following section. 
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Table I. 


Liquids. 

B 

B 


p experimental. 

P theoretical. 

(a) Associating 
liquids 






1. Formic acid 

0-49 

0*62 

0*047 

0-1109 

0-3860 

2. Acetic acid 

0-886 

0-40 


0*0489 


(6) Non^associat- 
ing liquids 






1. Benzene 

0*34 

0*426 

0*022 

0*2726 

0-3610 

2. Carbon disul- 
phide 

0*60 

0*660 

0*079 

0*8964 

0*4648 

3. Carbon tetra- 
chloride. 

0*06 

0*070 

1 


0 0223 

0-06C1 

4. Acetone 

0-18 

0*26 


0-1814 

0*1940 

6. Diethyl ether 

0*066 

0 08 


0-066C 

1 

0-0726 

6. Butyl alcohol 

0*08 

009 



0*0719 

7. Iso butyl 
alcohol. 

0*066 

0-076 



0*0602 

8. Amyl alcohol 

0*066 

0-080 


0*0337 

0-0640 

9. Propyl acetate 

0160 

0-90 


0-1608 

0-1696 

(c) Viscous liquids 






1. Balol 

0*76 

0-76 

high 

0 

... 

2. Glycerine 

0*16 

0-29 

... 

0*3669 

... 


* The values are taken from 1. E. Bao» Ind. Jour. Pbys., 2, 61, 1927. 


4(. Discussion of the Results. 

Both classicaF and quantum^ theories of the Eaman effect 
give the following expressions for the intensities of various 
branches of scattering. 

I,(Eaman)=EV.fg; I,(Eayleigh)=E8( 
I,=I,(Eaman)=EV- ^ I,=I.(Eayleigb)=EV. ^ 

1 Ind. J. Pby»..6,881 (1931), 

^ Z. f. Physik, loo. ott. 
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The expressions are valid for diatomic gaseous molecules 
when incident plane polarised light is used and may easily he 
modified for the case of incident uupolarised light with the 
following results : 

Aggregate intensity of tile rotational wing=13/60E^y® 

13 

Aggregate intensity of the Bayleigh scattering = 

180 


By substituting (A — B) for y and^— ^ for fi in the above 

expressions and neglecting the second term of the Bayleigh 
scattering,® we may rewite the value of p which represents 
the ratio of these two quantities as 


p= 


89 (A-B)8 
20’(A + 2B)2 


^28* 


Kecent investigations by Bhagavantam on gases however 
indicate that there is actually present only about half the 
expected rotation wing and as such the above relation between 
p and 8 may be written as p'-S. In liquids, however, the 
relation between p and 8 is not so simple and a modified cal- 
culation has to be made taking into account the compressibi. 
lity of the liquid. After transferring half the intensity of 
the rotation wing to the Rayleigh scattering as in the case of 
gases we may write the value of p as 


13/120v2 
^ M= + 65/360y2 

This is easily evaluated in terms of 8 with the help of the 
relation 


^ .- Ig (Bayleigh +BamaD) _ 2/16y* ^ 

I« (Bayleigh +Baman) + 7 /45y ” ~ SBTffn ^ 


* Thii is joatified beoauM y u unially imall in coznpaiiaon with 
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P-40E^ ^.658“ ■" 

N 

the correctness of which is easily seen by the fact that 
if is replaced by unity and the second term of the 

denominator neglected, the relation reduces to p'-tS which we 
have already noted in the case of gases. The p values cal- 
culated from the relation (2) taking the known compressibi- 
lity and 8 for each liquid are given in the last column of 
Table I. A comparison of the figures in the last two columns 
shows that the expected intensity of the rotation wing is 
observed in a number of liquids, notable examples being 
benzene and acetone. In other non-associating liquids, the 
observed intensity of the rotation wing is usually somewhat 
smaller than the calculated value thus indicating a certain 
impedance to free rotation in the liquid state. 

The associating and the viscous liquids stand however on 
a different footing as the observed value of p in these cases 
is nearly zero, contrary to the theoretical expectations. This 
indicates a negligible rotation wing, and suggests the presence 
of a large impedance to molecular rotation in these classes of 
liquids. The large change in the depolarisation exhibited by 
glycerine is attributable to an appreciable amount of conti- 
nuous background in the scattered spectrum and hence the 
result cannot be interpreted as indicating the presence of free 
rotation. 


6. Intensity Distribution in the Rotation Wing. 

It is well-known that for gases with low moment of 
inertia such as hydrogen, oxygen, nitrogen^ etc., it is possible 
even with an ordinary spectrograph, to obtain discrete rotation 
lines working at sufficiently low pressures. Contrary to this, 
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however, liquid hydrogen is, so far, the only liquid for which 
discrete rotation lines have been observed.*® Recently, Meyer 
and Ramm,“ working with a resolving power more than sufB.- 
cient to resolve the rotation lines of benzene — if the moment 
of inertia of the rotator was really due to a single molecule — 
did not succeed in separating them from each other. The 
failure may be due either (i) to a possible circumstan -e that 
the scattering units in liquids possess a much higher moment 
of inertia than single gaseous molecules, thus rendering the 
resolving power employed insufficient or (n) to an inherent 
absence of discrete quantisation of rotational energy in liquids 
owing to the density of packing. These questions are pecu- 
liar to the liquid state and are intimately connected with the 
manner in which the intensity is distributed in the rotation 
wing. The present section will be devoted to an experimental 
investigation of the intensity distribution in the wing 
itself. 

Benzene is selected for the purpose and a grating of one 
metre focal length is used to obtain the scattered spectrum. 
The resolving power was such that lines about one wave- 
number apart could be easily separated. The liquid is con- 
tained in a long Wood’s tube of 18 inches length with an inner 
diameter of 1 inch closed by a plane glass window at one end 
and a drawn-out horn at the back to provide a suitable back- 
ground. The tube is painted black, leaving an opening along 
its length to allow the light from an 18-inch mercury arc 
placed close to it. A chief difficulty is the broadening of the 
true Rayleigh line on long expoures thus preventing any 
reliable conclusions being drawn with regard to the intensity 
distribution in its immediate vicinity. This is overcome by 
minimising the time of exposure as far as possible,** and 

MoLannan, Smith and Wilhelm, Trane. Roy. Soo., Canada, S8, 247 (1929). 

** Phya. Zeit., 38, 270 (1982). 

** An exposure of about 1 or 2 hours ia found to be sufficient to bring out the wing in 
practice. 


2 
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eliminating very completely the reflected light with the above 
precautions. In the actual experiment X404)6 is made use of 
and is found to possess a breadth of about 3 or 4 wave num- 
bers after the necessary exposure. The choice of this line in 
preference to the more intense X4358 is guided by the fact 
that it is a single line unlike the latter which is accompanied 
by two other companions. 

The essential results may be stated as follows : 

The intensity distribution curve does not show any discon- 
tinuity: there is a jailing o^ in intensity of the rotation wing 
starting from a maximum at the Rayleigh line. The intensity 
appears to become quite inappreciable after about 60 or 60 
wave-numbers}'^ 

These features seem to be characteristic only of the 
liquid state as contrasted with the gas where both theory and 
experiment indicate the presence of two distinct intensity 
maxima, one on either side of the Rayleigh line and well 
separated from it. The distribution of intensity in the case 
of a gas is controlled by the distribution of molecules in vari- 
ous rotational states according to equation (3) and the maxi- 
mum occurs 

( 3 ) 

approximately at a place where the value of K is such that 
the number of molecules in that state is a maximum. The 
value of K fulfilling the above conditions may easily be found 
after differentiating the foregoing equation and written as 



»/h*f4]T*loKT 2 


13 The last result is also borne out by the depolarisation measurements with varying 
slit widths as it is found by the author that there is no further increase in the depolarisa- 
tion after the Image has broadened to the extent of about 50 wave-nombere on either side. 
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The distance of the corresponding rotation line from the 
Rayleigh line may be expressed as 6B + 4BK, where B stands 
for h/8ir®olo. Substituting and simplifying, we get the follow- 
ing expression for the wave-number difference v of the maxi- 
mum from the Rayleigh line : 

v*= lire) lo (4) 

It is interesting to note that this expression differs from the 
value deduced on the basis of the classical statistics only by a 
small term, i.e., When this is evaluated for benzene 

taking its moment of inerfia “ to be 166xl0~^® the value of v 
comes out as 18'0 ems,”* a result which is in complete dis- 
agreement with the experiment. Such a disagreement between 
the theory and experiment suggests that either (i) the statis- 
tics obeyed by the gas molecules is totally inapplicable to the 
liquid state or (ii) that the scattering centres are not single 
molecules but clusters of them having a large moment of 
inertia. In the latter case, the intensity maximum would be 
so close to the Rayleigh line that difficulties such as its 
spreading to 4 or 5 wave-numbers prevent the discontinuity 
being detected. A tentative calculation on the basis of equa- 
tion (4) shows that the moment of inertia required to shift 
the intensity maximum to within 4 or 6 wave-numbers of the 
Rayleigh line is about ten times that of a single molecule. 

The actual state of affairs in a liquid may even be more 
complicated in that, molecular groups of still higher or lower 
moment of inertia may also be present, the actual rotation 
pattern obtained being a superposition of all the effects. 


Different vnlaes ol Ig have been attributed to benzene by different authors. Thus 
Meyer and Ramm gave it as 270x10"*®. The present value (t.e.) 166x10"*® is 
based on the assninption that the benzene ring has a plane structure having the dimensions 
gitea by Mrs. Lonsdale (Proc. Roy. Boo., 123, 494, 1929.) 
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These points and other allied topics are under investigation 
and will form the subject matter of a further communication. 

In conclusion, the author wishes to express his best 
thanks to Prof. Sir G. V. Raman, Kt., P. R. S., N. L., for his 
keen interest and guidance during the progress of the 
work. 
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an Elastic Hammer striking a Damped 
Pianoforte String.* 

By 

Mohinimohan GnosH, M.Sc. 
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{Received for publication, 19lh January, 1932.) 

(Plates XXV, XXVI and XXVII.) 

Abstract. 

In this paper the variation of the duration of contact for one bard, 
two elastic and a felt hammer, each being of the same weight, has been 
studied, photographically, for different striking distances of a string of 
length 600 cms. The time record on the photograph has been made by a 
fork of frequency 200. It is found that in all cases the duration of 
contact varies discontinuously as the striking distance increases. In 
studying the effect of elasticity (E) of the hammer on the duration of 
contact, when striking at the mid-point, it is found that, at first the 
duration of contact increases, then attaining a maximum value, slowly 
decreases and tends to be constant as (E) is further increased. As regards 
the effect of the radius of curvature (r) of the surface of contact of the 
hard hammer striking at mid-point it is found that the duration of contact 
for lower values of (r) is constant, and then increases as (r) increases and 
finally becomes constant for large values of (r). The damping of the string 
is found to have little effect, on the duration of contact as also follows 
from the author’s theory. In the case of the felt hammer it is found that 
the duration of contact multiplied by the fifth root of the velocity of 
impact, to be constant, as required by Hertz’s theory of impact. 


Indian Science Congress, 1932 . 
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The theoretical side of the problem of the pianoforte 
string is more or less completely studied by Kar and the 
writer* and the writer* alone, in a series of papers, 
where it has been shown that the other theories known, are 
the special oases of the above. In a number of experimental 
papers by the writer,® the duration of contact in the case 
of the hard, massive, hammers, and the energy lost by an 
elastic hammer has been studied. The present paper gives 
an account of the systematic study of the duration of contact, 
in the case of hard, elastic and felt hammers. 

Before describing the present experiment it will be useful 
to give a brief account of the experimental work already done 
on the acoustics of the pianoforte. In doing so, it will be 
convenient to divide the subject, into the following: (1) 
Determination of the duration of contact between the hammer 
and the string, (2) Displacement of the struck point, during 
impact, (3) Analysis of the note emitted, (4) The energy 
lost by the hammer during impact, (5) The nature of the 
vibration set up in the sound board and the bridge. 

(1) In the year 1886 C, K, Weak,^ measured the duration 
of contact, between a felt hammer and a pianoforte string, 
with the help of a ballistic galvanometer, and found that the 
duration of contact decreases as velocity of impact increases. 
Then in the year 1894, W. Kaufmann* using the photo- 
graphic method, measured the duration of contact in the 
case of a hard hammer, striking at the end, and at the mid- 
point of a string and compared with his theoretical values. 
In the case of the felt hammer, be also got the same thing 
as Weak. In the year 1920 Raman and Banerjee ® using 
the same electrical method of Weak, measured the duration 
of contact in the case of the hard hammer and pointed out 
for the first time that the duration of contact goes on dis- 
continuously fluctuating, as the striking distance goes on 
increasing from one end. Later on R. N. Ghosh * and bis 
CO* workers measured the duration of contact in the case of a 
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felt hammer, striking at an end, and have shown that it 
changes continuously, as the striking distance increases from 
one end. Then comes George,® who has made a systematic 
study of the duration of contact in the case of a hard hammer 
by Duddal oscillograph and arrived at the same conclusion 
as Raman. The beautiful photograph of the variation of 
the current in the oscillograph is a proof of the pressure fluctua- 
tion of the hammer during contact. He has further shown 
that for the hard hammer striking at a given distance of the 
string, the duration of contact remains constant over a 
wide range of hammer velocity. Banerjee and Ganguli® 
photographically determined the duration of contact for a 
hard hammer striking near an end, and attempted to show 
the superiority of Das’s theory — a particular case of ours — 
over Kaufmann’s end theory. They have further shown that 
the shorter segment of the string vibrates during impact. 
This however was first shown by Kaufmann long before them, 
photographically, though he could not give any satisfactory 
explanation of it (ef. photograph. (31a) (316) of his paper,® 
pts. 7). This however can easily be explained from our 
theory® (l.c.). The writer® has shown the prominent 
nature of the discontinuous fluctuation of the duration of 
contact with two massive hammers. Further it has been 
shown that duration of contact changes discontinuously 
from epoch to epoch with change of mass-ratio of the 
hammer. 

(2) Ihe measurement of the displacement of the struck 
point during contact, at different instants in the case of a hard 
hammer was done by George “ long after Kaufmann.® 
Kaufman has compared his experimental results with his 
theory, when hammer strikes only at the middle, for two 
different velocities of impact. George compared his results 
for mid-point, and for the struck point very near an end, 
with different theories then existing and found better agree- 
ment with Kaufmann. 
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(3) Hipkin“ first observed that nth harmonic is not 
absent when the string is struck at (2/n), for a felt hammer. 
Berry ^ first made a systematic study of the amplitude of 
the fundamental for different struck points and has found 
that it is maximum when struck at about (2//9). He has 
also shown that for this particular struck point the amplitude 
of the fundamental of the sound board is minimum. Later 
on R. N. Ghosh “ has shown that the amplitude of the funda* 
mental is maximum, at the point, where duration of contact 
has half the value of the time period of the gravest note of 
the string. In 1925 George “ has made a closer study of 
the same thing, and has shown that, the position of the strik. 
ing point for which the fundamental is maximum, is nearer 
the bridge, the greater the relative mass of the hammer. 
Before George, Dutta,^® directly measured the amplitude of 
the different harmonics, with a microscope, after stopping the 
lower harmonics by touching at suitable points and has shown 
that his experiment is in close agreement with Das’s theory. 
Later on Kar“ and his co- workers have repeated the ex- 
periment of Dutta in the same manner, and have pointed out 
that such a close agreement with theory as shown by Dutta 
is not possible with such a rough method of damping the 
harmonics and measuring the amplitudes. 

(4) The loss of energy by a hard hammer during impact 
for different striking distances was studied by George and 
Beckett for different mass ratios of the hammer. The 
present writer ’ has also studied the same thing for different 
elastic hammers and for constant mass ratios and has got a 
number of very interesting curves. 

(5) Berry “ has made first an attempt to study the vibra- 
tion of the sound-board and has shown that two portions 
of the sound board divided by the free bridge vibrate in the 
same phase. He also remarks that the string and the sound 
board form a coupled system during vibration. Kext B. N. 
Ghosh has repeated the same experiment and has arrived at 
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the same conclusion. Kecently L. D. Mahajan*® has made 
a detailed study of the vibration of the sound board and the 
effect of the soft pedal. 

In future the author hopes to make a detailed study of 
the other oases discussed above. 

Now, we shall proceed to give the details of the photo- 
graphic study of the duration of contact, recently made by 
the writer, in the case of hard, elastic and felt hammers. 
The following are the items which have been systematically 
studied : — 

(o) The variation of the duration of contact with varia- 
tion of the striking distance from one of the ends of the 
string, in the case of hard, elastic and felt hammers. 

(b) The variation of the ratio in which the vibration 
curve at the struck point just after impact, is divided 
by the maximum peak with the distance from the nearer 
end. 

(c) The variation of the duration of contact with the 
elasticity of the hammer when struck at the mid-point of the 
string. 

(d) The variation of the duration of contact with the 
variation of the radius of curvature of the surface of contact, 
for the mid-point. 

(e) The effect of damping on the duration of contact, 
in the case of a hard and pointed hammer striking at the 
mid-point. 

(/) The effect of the velocity of impact of the felt hammer, 
on the duration of contact for the mid-point. 

The experimental arrangement is more or less the same 
as described in the previous paper ®. The only necessary 
change made is the sliding camera to photograph the motion 
of the hammer and the string simultaneously. The velocity 
of the photo-carrier which moves under the difference of 
weights at the two sides, is maintained constant, by allowing 
the weights to travel through a viscous liquid and at the 
3 
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same iiia 9 learing the ve^iaisite wdl|^he «c zei^ move- 

ment ae in Atwood’s madbine. Theijmels mea^tbre^^frnm 
the shadow photographic imves of the fins 4dnminhim 
pointer attached to one of the prongs of an eleotrioally main- 
tained fork of frequency 200. Light from an arc facing the 
narrow slit of the camera verUcally downwuds, is instructed 
by the pointer and the point of contact of the hmnmhr and 
the string, which cast their shadow on the photo paper inside. 
The outlines of the white patches in the photogfain des^be 
the motion of the hammer. The string before impact remains 
at rest, which is shown by the straight portion of the ylbration 
curve towards the right of the hammer's shadow in the photo- 
graph, and set in regular vibration just after' hammer leaves 
the string. The small regular waves overhaad each photo- 
graph are the waves due to vibrating fork. 

In all these cases, except in the case (F) the velocity of 
impact has been kept constant, by allowing the hammer 
to impinge on the string from a constant distance. A pendu- 
lum arrangement has been made for the hammer, detailed 
description of which is given in one of our published papers.^ 
The arc along which the hammer moves is measured from 
the magnified shadow of the hammer over a graduated 
translucent scale. Ample precautions are taken before each 
photograph, so that the cylindrical surface of contact of the 
hammer, strikes the string just perpendicularly and that, 
there is no overlapping of shadows of the hammer and the 
string, just before and after the contact, otherwise, this will 
introduce serious error in the measurement. 

In order to obtain the sunultaneoua photograph of the 
moiaon of the hammer and the string, a great deal cl oare has 
been taken tn releasing in time the photo^eandw imdthe 
hammev from their rraipeetive meohanfea! eatdhis. The 
measormnent of the dumiim hf by a 

tmveHtng mioicnoope reading up to. *001 otto., &e number of 
wit|to Irtoed |uat over tread, by the fork, toltidn the same 
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Elastic hammer ( E*49 2 1 ) 
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Struck at 30 
Observed 
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Sfrikinj? distance in cm. 
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length of the hammer’s shadow in contact with that of the 
string, gives the duration of contact. 

The details of the construction of the elastic hammer are 
given in a previous paper.® The springs of different dia- 
meters, that have been ^tted in the hammer are made of 
steel wire of 20 S.W.Glj each of 20 turns. The weight in 
gm. to produce unit C(inpression of this hammer has been 
measured by a microscopelfrom the compression produced by 
a known weight. This : weight in gm., multiplied by the 
gravitational constant (97$), gives the elastic constant of the 
hammer. Results 

Length of the string (O' 

Line density (<?) 

Mass of the hammer (m) 

Iq , m' / 

'/tn= /m 

Tension of the string 

(A) The hammers are released from a fixed distance and 
made to strike against the string from one end to the mid- 
point, at a regular interval of 10 cms. The duration of 
contact for different struck points and for different hammers 
are given in table I and the photographs (see Pis, XXV 
and XXVI) are also given. It has been found, for the striking 
distances between 140 cms. to 240 cms. and at 130 cms. and 
140 cms. in the case of the hard hammer, between 140 to 
240 cms. in the case of the elastic hammer of E =277 '7 x 978, 
at 70 cms. and 100 to 230 cms. for the elastic hammer of 
E=:49’21 X 978, and finally at 160, 190, and at 200 cms. in the 
case of the felt hammer, that there are double or triple con- 
tacts before the hammers finally leave the string. It is 
obvious from the pressure eq^uations * that these phenomena 
are due to the influence of the reflected waves from the 
remoter end that overtakes the hammers. 

Now, it has already been found that the pressure due to 
the hammer is a function of time, /(t)] and the duration of 


... 600 cms, 

... 0405 gm./cm. 

... 21 ’21 gme. 

... 1-4 

... S8488'7 gms. wt. 
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contact is a root of the equation P=/(t)«0. But the 
expression for the pressure at an epoch higher than the second, 
involves higher powers of t. So this equation /(t) =0 gives 
multiple root of which more than one may be real and posi- 
tive. In that case it is more logical to define the real dura- 
tion of contact as the greatest positive root of the equation 
f(t) BiO. After this maximum value of the root the pressure 
becomes negative. 

The experimental values of the different duration of 
contacts, measured each from the beginning of the first con- 
tact and also the durations of the different separations arc 
given in the same table I. The curve showing the variation 
of the real duration of contact as defined above, with the 
striking distance is shown in fig. (1). In all these cases the 
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Felt hammer. 
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Table I. 


Velocity before impact 45*5 cm/sec. 

Radius of curvature of the surface of contact 1585 eras. 
Damping coefficient of the string 186. 


Striking distance *a' m 
cms. 

Hard 

( 1 ) 

Eias 

( 2 ) 

E=277-7 x 978 

tic. 

(3) 

E=40-21x978 

Felt 

(4) 

i s 

•S X 

S'** • 
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fti ® 
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ce p . 
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o 
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-*2 (.4 o 

5 S.S! 

Q-i.a 

30 

11036 


1*0586 

... 

1-0995 

... 

1-8680 

... 

40 

1*3020 

... 

1*3260 

... 

1-4760 

... 

1*8550 

... 

50 

1-4335 


1*4936 


1*6570 

... 

1*8500 

... 

00 

1*4836 

... 

1*6295 

... 

1*4610 


2*0325 

... 

70 

1-5886 

... 

1*4225 

... 

(1) 1-4646 

... 








(2) 1-8190 

•237 

1-8025 

... 

80 

1*7666 

... 

1-9360 


1*8060 


1*9170 

... 

90 

1*8265 

... 

1*9610 

... 

2-1765 


2*9170 

... 

100 

1-7346 

... 

1-9616 

... 

2*1416 

... 

3-6526 

... 

110 

21030 


2-1206 


2'0856 

... 

5*1445 

... 

120 

2-3576 


2-4060 

— 

2*1986 

... 

3*7765 

] 

... 

180 

2-6290 


2-5615 


2*5355 

. • • 

(1) 3*5540 










*721 








(2) 4*8125 


140 

( 1 ) 2-0666 ^ 


( 1 ) 2-1680 







( 

•061 


•166 

2-4755 

... 

8'500 

• •• 


( 2 ) 2-6620 ; 


(2) 2-7276 






160 

(1) 2-3866 ■) 


(1) 2-2760 




(1) 3*4765 



( 

•064 


•194 

2*8860 



*565 


(2) 8-2700 ; 


(2) 3-0420 




(2) 4*7560 


360 

( 1 ) 2-26!M) 1 


(1) 2-3680 


(I) 2*0486 





1 

*367 


•312 


*405 




(2)3-0290 }■ 


(2) 3-0808 


(2) 8-0855 


4*8560 

... 


1 

•882 


•882 


'876 




( 8 ) 4-4266 J 


(3) 4-4660 


(3) 4*4726 
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Table I (Continued). 


Striking distance *a’ in 
cms. 

Hard. 

(1) 

Elastic. 

Felt. 

(4) 

cTt-* 

w 

11 

x978 

(3) 

E = 49-21 x978 

Duration of con- 
tact 

in Sec. x 102 

Duration of 
Separation 
in sec. x 102 

Duration of 
contact 
in sec. x 10® 

Durationon 
Separation 
in sec. x 102 

Duration of 
contact 
in sec. x 102 

Duration of 
Separation 
in sec. x 102 

Duration of 
contact 
in sec. x 102 

Duration of 
Separation 
in sec. x 102 

i 

370 

(1) 2-2350 

1 

0) 2*2.525 

1 

! 

1 

(1) 2 G800 






1-492 


1*443 


1*384 

5*045 



(2) 4-3955 


(2) 3-9710 


(2) 4-5795 




180 

(1) 2-6440 


(1) 2*5520 


(1) 2-6660 






1*011 


*935 


■865 

4*9425 



(2) 4-2125 


(2) 4-1900 


(2) 4 2690 




190 

(1) 2-6676 


(1) 2*4680 


(1) 2-6396 


(1) 1-8320 




•776 


*909 


•792 


-663 


(2) 3-7760 


(2) 4*0565 


(2) 3-8720 


(2) 4-380 


200 

(1) 2-3830 


(1) 2-6620 


(1) 2-7625 






•944 


*738 


-680 

4‘C420 

... 


(2) 4-7276 


(2) 3-8530 


(2) 3-7700 




210 

4*2410 

... 

(1) 2-4085 


(1) 2-5570 








*881 


*049 

4-500 

... 




(2) 3*8015 


(2) 3*7740 




220 

4*3385 


(1) 2-806(1 




(1) 2*9100 






*387 

4-300 



•267 




(2) 3-9135 




(2) 4-6900 


230 

(1) 2*8320 










•454 

(1) 2-8476 


(I) 2-7350 





(2) 3*6460 



•507 


-376 

1-7185 

• •• 



*091 

(2) 4-1226 


(-2) 3-9970 





(3) 4-1360 








240 

(1) 3*0160 


(1) 2*7620 








•229 


•270 

3-0040 

... 

4-3400 

... 


(2) 3*8665 

i 

(2) 3*6965 






2 50 

3*6660 


3-4800 


3-4600 

... 

4-2600 


260 

3*6150 

... 

3*4950 

... 

3-3760 

... 

3-9400 

... 

270 

3*4000 

... 

8-4500 

... 

3-3550 

... 

3 8460 


280 

3*2300 

... 

3*8600 

... 

3-4160 

... 

3-8360 


290 

3*1060 

... 

3 2200 

... 

3-6850 

... 

3*8200 


300 

3*1800 

« * 1 

3*8886 

... 

8-8050 

... 

4*0696 

... 
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curve is discontinuously fluctuating and tends to approach zero 
as the struck point approaches the end, but in the case of the 
felt hammer, it attains constant value at the end which is 
evidently due to the deformation of its surface of contact. 
Further the multiple contact in the case of the felt hammer 
during impact is a striking proof of the discontinuous fluctua- 
tion of the pressure even for a soft hammer, which is however 
contrary to the assumption made by the previous workers. 

(B) The ratio AO/AB (fig. below) is measured with 
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Table I (Continued). 


Striking distance ‘a’ in 
cms. 

Hard. 

(1) 

1 Elastic. 

1 

Felt. 

(4) 

1 (2) 

I E = 277-7 

x978 

(3) 

E = 49-21 x978 

Duration of con- 
tact 

in Sec. x 102 

Duration of 
Separation 
in sec. x 102 

Duration of 
contact 
in sec. x 10^ 

Durationon 
Separation 
in sec. x IQ^ 

Duration of 
contact 
in sec. x lO^ 

Duration of 
Separation 
in sec. x lO^ 

Duration of 
contact 
in sec. x 10^ 

Duration of 
Separation 
in sec. x lO^ 

170 

(1) 2-2350 


j 

1 (1) 2-2525 


1 

(1) 2 0800 






1*492 


1*413 


1-384 

5*045 



(2) 4-3!)55 


(2) 3-9710 


(2) 4*5795 




180 

(1) 2-6410 


(1) 2-6.52(1 


(1) 2-0560 






1-011 


*936 


•865 

4*9425 

... 


(2) 4-2126 


(2) 4-1900 


(2) 4 2690 




190 

(1) 2-6676 


(1) 2*4680 


(1) 2-6395 


(1) 1*8320 




*776 


•909 


•792 


•663 


(2) 8-7760 


(2) 4*0666 


(2) 3-8720 


(2) 4-380 


200 

(1) 2*3830 


(1) 2 S620 


(1) 2*7625 






■944 


*738 


*686 

4*6420 

• >. 


(2) 4-7275 

1 

(2) 3-8530 


(2) 3*7700 




210 

4-2410 


1 (1) 2*4685 


(1) 2-5570 








•881 


*649 

4*600 





(2) 3-80] 5 


(2; 3*7740 




220 

4*3385 


(1) 2-8050 




0 ) 2-9400 






*387 

4-300 



•267 




(2) 3-9135 



i 

(2) 4-6900 


230 

(1) 2*8320 










•454 

(1) 2-8476 


(1) 2-7350 





(2) 3-6460 



•607 


•376 

4-7185 




*091 

(2) 4*1226 


(2) 3-9970 





(3) 4-1350 








240 

(1) 3-0160 


(1) 2*7620 








*229 


*270 

3*0040 

... 

4*3400 



(2) 3*8666 


(2) 3*6966 






2 60 

3-6660 

... 

3*4800 


3-4600 

... 

4*2600 


2G0 

3*6160 

... 

3*4950 


3*3760 

... 

3*9400 

• •• 

270 

3'4000 

... 

3*4600 


3*3650 

... 

3 8450 

• « • 

280 

3*2300 

... 

3*8600 

... 

3*4160 


3*8360 


290 

3*1060 


3 2200 


3*6850 

... 

3*8200 


300 

3*1800 

... 

3*2886 

... 

8*3060 

... 

4*0596 

... 
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curve is discontinuously fluctuating and tends to approach zero 
as the struck point approaches the end, but in the case of the 
felt hammer, it attains constant value at the end which is 
evidently due to the deformation of its surface of contact. 
Further the multiple contact in the case of the felt hammer 
during impact is a striking proof of the discontinuous fluctua- 
tion of the pressure even for a soft hammer, which is however 
contrary to the assumption made by the previous workers. 

(B) The ratio AC/AB (fig. below) is measured with 



a microscope. The variation of this ratio with the striking 
distance is given in table II, and the corresponding curves 
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are shown in fig. (2), It is found from the curve that the 
position of the maximum peak in the wave form, also fluc- 
tuates discon tinuously with the striking distance. A more 
detailed study of the phenomenon especially for the different 
mass-ratio and elastic constants of the hammer will be made 
by the author in near future. 

Table II. 


Striking 

Distance. 

‘a’ 

Ratio (AC/AB), KjS 

Striking 
D i B- 

Ratio (AC/AB). IC^ 

(1) 

(2) 

(3) 

(4) 

tance. 

‘a’ 

(1) 

(2) 

1 '■ 

(3) 

(4) 

30 

1G3 

168 

178 

176 

170 

379 

362 

296 

395 

40 

173 

209 

229 

323 

180 

371 

341 

300 

400 

50 

277 

176 

209 

216 

190 

669 

393 

423 

421 

CO 

23C 

226 

257 

282 

200 

... 

303 

375 

429 

70 

27 !) 

267 

308 

260 

210 

414 

870 

381 

... 

80 

297 

326 

282 

277 

220 

451 

467 

421 

... 

00 

243 

236 

335 

232 

230 

466 

460 

461 


100 

257 

190 

280 


240 

486 

460 

449 

474 

110 

207 

275 

261 

306 

260 

473 

502 

472 

602 

120 

363 

440 

421 

393 

260 

... 

483 

477 

638 

130 

301 

290 

283 

327 

270 

611 

606 

510 

533 

140 

299 

343 

290 

320 

280 

574 

611 

668 

599 

150 

329 

309 

364 

864 

290 

600 

405 

600 

521 

160 

352 

372 

328 

349 

300 

500 

601 

610 

531 


(C) The effect of the elasticity of the hammers on the 
duration of contact has been studied in the same way as before. 
The springs of different diameters are made from a steel wire 
of 20 S.W.G. They are fitted one after another in the hammer 
and the corresponding elastic constants are determined in the 
manner stated before. The mass of the hammer has been 



DITRATTON of contact of an FLASTIC TlAMlifER 6( I 

kept constant throughout this experiment, so also the 
velocity of impact and the surface of contact of the hammer. 
The results for mid-point only, arc given in table III and the 
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curve shovring the variation of {<ji) with (E) is given in fig. (3). 
It is found that as (E) increases, (f> increases, attains a maxi- 
mum value, and finally decreases and tends to be constant 
for higher values of (F), i.e., when the hammer is hard. This 
fact may easily be interpreted by solving graphically Eq. (36) 
for different values of E. (Phil. Mag. VoL, 12, p. 683, 1931). 

Taule til 


Diameter in cm 
of spring. 

1 

\Vt. m gm. of spring. 

E/97P 

0 X 103 

1-42 j 

2*85 

i 40'31 

3*305 

1-30 

2*05 

i i)5-ll 

3*100 

1-18 

211 

79*30 

3-195 

1*15 

2*22 

87*71 

* 3*501 

1 03 

2*0H 

125*0 

3*408 

*99 

1 -97 

1(V2*{) 

3*351 

*97 

1 Mh 

20 1*04 

3*313 

•84 

j T55 

277*7 

' 3*288 


i 

t 

i 

! 

1 

' 3*133 

1 


4 
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"(D)| In order to study the effect of the radius of curva- 
ture (r) of the hammer-head on the duration of contact at 
mid-point in the case of a hard hammer, semicylindrical shells 
of different curvatures have been prepared by pressing out a 
thick aluminium sheet. The height of the cylindrical surfaces 
are made very small (about three times the diameter of the 
string) , in order to minimise the over-lapping of shadow of the 
hammer and the string as stated before. These have been 
used, one after another as the hammer-head and the corres- 
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ponding durations of contacts have been determined. The 
results showing the variation of ^ with (r) are shown in table IV, 
the corresponding curve is given in fig. (4) and the photo- 
graphs are given in PI. XXVII. It is found that for smaller 
values of (r), <f> remains constant, then slowly increases with 
(r) and finally becomes constant for much higher values. 

(E) In order to study the effect of damping on the dura- 
tion of contact in the case of the wedge shaped hard hammer, 
striking at the mid-point of the string, we have first made 
the string to vibrate and the corresponding vibration curve is 
photographed, by allowing the photo-carrier to move slowly 
as to record the largest number of vibrations. The coefficient 





U‘C1 



Radius of curvature 
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Table IV. 


V=45-5 K=-186, E= oo 


Badius in cm. of the head of the hammer. 


Wedge shaped 

3 -0805 

•636 

3*1 i 66 

•852 

3 '1200 

1*270 

3*133() 

1*687 

3-1330 

1*98 

3-2011 

2*222 

8-3100 

2*684 

3*3490 

3-200 

3*3611 

3*8U8 

3*365 

1 


of damping is obtained in the usual way from the ratio of the 
amplitudes at the beginning and at a known interval of time. 
The string is made to have different damping by making the 
bridges yielding with the help of felt or cotton wool. The 
measurement of the duration of contact is done in the usual 
way for two different damping coefficients. It is found that 
the duration of contact does not change appreciably for the 
smaller values of damping coefficients. This is also obvious 
from the expression of duration of contact given by the Eq. 
(42), Phil. Mag., Vol. 12, p. 684. The results are given below 
and corresponding photograps are shown in PI. XXVII, 

Table V. 

\'„=46’6 cm/soc (Wedge shaped hammer) 
<;^XlO^=2'997 calculated for the hammer struck at mid> 
point when K=0 


Damping Coeff. (k). 


Duration <p x 102 


•180 


3*0866 


•685 


3-0933 
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(F) In studying the effect of the velocity of impact in 
the ease of the felt hammer striking at the mid-point, it is 
found that the duration of contact increases as the velocity of 
impact decreases. It is further found that the duration of 
contact (<^) multiplied by the fifth root of the velocity (V) of 
impact is constant, as is required by Hertz’s theory of impact. 
We; ik* as well Kaufmann^^ also have found experimentally 
that ((f)) increases as Vo decreases but they explained it as an 
experimental error. It is however significant that the rela- 
tion cited above also explains their experimental data. The re- 
sults are given in table (VI) and the corresponding curve in fig. 
(o) and the photographs in PI. XXVII. 

Tablk VI. 

Kaufmaun’s Expt. 

/ — 80 cm., ‘37G u- - 7' I 

m 

^—11205 


Velocity V Proportional to 

l 

1 

1 

1 i 

j '(-''u' 

1*0 

1 

1 -DO 

loa X 10- ■' 

ro 

•.S25 

•fii'ixin « 

2-2 

’S2 \ 

1 07 X 10- ’ 

3-8 

*78 i 

5'0!)xiir'' 

4-2 

•70 1 

5-21 xlO'!' 


Author’s Expt. 

/— 600, m'/m— 1-1. 
a— 300, K— -186 


Velocity of impact cm. /sec. 


<(>V(,^ 

20'3 

4'9190 

8-97 X 10-* 

46-6 

4 0595 

8-71x10-2 

03-8 

30025 

8-31 X 10-2 

87-0 

3-4720 

8-47 X 10-2 

107-3 

3-2955 

8 39 X 10-2 
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Now the relation constant suggests a modification 
which is to be introduced in the present theory, so tliat it may 
be applicable to the case of a felt hammer. This new effect 
it may be added was not known to George, Bhargav— Ghosh 
and other workers when they studied the case of the felt 
hammer 

Further work in this line is in progress which will be 
published in due course. 

I must conclude with my best thanks to Dr. K. C. Kar 
for his guidance and suggestions in the course of this work. 

PHVSICAL KesBAKCU LABORATORi, 

pREbiDFA’Cv CoLLLiiii) January. 1932 . 

Caicctta. 


Noic lidded in pmof ; 

T have attempted to show in tlu' paper that the duration of contact 

I 

varies inversely as Vo ^ where V„ is the velocity of the hammer before 
impact. This is the well known Hertz’s law of duration of contact for 
Collision between two elastic balls. It is, however, highly doubtful whether 
Hertz’s law will be valid even in the ease of the pianoforte string, 
especially when it is remembered that according to the Jaw the duration 
ought to be zero for large values of (V„), whereas according to the standard 
experiments it has a definite value In a paper which is expected 

to be sent to the press shortly, the author has further extended his 
generalised theory of the pianoforte by taking into account the Hertz- 

effoct. It i^ found from the theory that oc -J— . 

that this now law is also supported by tho experiment. 

(8ept., 1932.) 


It is remarkable 
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Note on an Improved Form of an Induction 

Coil Buzzer. 

By 


H. MthvUerjee. 

{Received for publication, 8lh August, 1932.) 

Introduction. 

Some years back the author undertook the measurement 
of resistances of some electrolytes. While proceeding with 
the work the necessity for an alternating current galvanometer 
was felt for accurate measurements. Accordingly, a galvano- 
meter of the form of a vertical wattmeter was constructed.* 
It was then found that, in order to obtain the degree of 
accuracy which the galvanometer was capable of giving, a 
fairly large amount of alternating current was essential. Now 
the instruments generally used in laboratories, namely, the 
induction coil buzzers and microphone hummers, deliver a 
very small amount of current. The Vreeland oscillator and 
instruments of the type are the only sources known to the 
author which can give a sufficiently high current and which 
are, at the same time, fit for measurements of electrolytic 
resistances on account of their high frequencies of alternation ; 
but the cost of such instruments is very high. As a cheap 
substitute for them, therefore, the instrument, described 
below, was conceived of. It gives a fairly large amount of 
alternating current of frequency 600 or more. 

• H. Mukherjee, Eine Wechselstrorngalvanometer, Zeit. f. Phya., 64, 286, 1930; 
H. Mukherjee and S. S. Mukherjee, Eine neue Wechselstrorngalvanometer, ibid, 67, 702, 
1931. 
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Dcscriptio)} . 

The instrument, of which the accompanying figure is a 
sketch, is essentially a combination of two buzzers and a 
closed-core transformer. Th(5 latter has been introduced to 
secure maximum efidciency of transformation. As the figure 
will show, the primary of the transformer is made up of a 
pair of coils (// and /'/') having exactly the same number of 
turns. Similarly also the electromagnet (AA) which makes 
the spring V vibrate, is wound with pairs of coils ah and 
n'b' forming one pair and rd and c.'cl', the other. The vibra- 
tor, which is attached to a firm iron support, is magnetised 
by a continuous current through a coil wound round the 
support and, as it touches the contact pieces, K and K' alter- 
nately during its vibration, current flows alternately through 
the elements constituting the coil pairs. The windii>gs of 
these elements are such that current flows through th(un in 
opposite senses. Thus an alternating magnetic field is pro- 
duced both in the transformer and in the electromagnet. The 
variation in the field of the transformer gives rise to the 
secondary current, while the alternation of polarity in the 
electromagnet maintains the vibration of the spring. 
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UPRIGHT 
FOR ONE OF THE 
COfUACT PIECES. 


FACE or- THE 
ELECTROMAGNET. 


In ordinary buzzers, which have only one contact piece, 
the decay of the current is more rapid than the growth and 
hence the ‘ break ’ electromotive force in the secondary is 
higher than the ‘make’ electromotive force. Consequently the 
intensity of the secondary current at ‘ break ’ is greater 
than that at ‘make.* But, in the arrangement for double 
contact introduced in the instrument under discussion, there 
are both ‘make’ and ‘ break ’ at each contact and the change 
of magnetic field produced by the ‘ break’ at one extremity is 
in the same direction as the growth of the field produced by 
the ‘make’ at the other. Therefore the effective secondary 
E, M. F. is the same in both directions. Moreover, in the 
arrangement for single contact, the vibrator vibrates with 
very nearly its natural frequency, but, in the arrangement 
for double contact, it is forced to vibrate with a frequency 
higher than its own. 

As the vibration of the spring is forced, its frequency is 
very liable to change with the change in the magnitude of 
the impulse it obtains at each contact. Since, on closing the 
secondary circuit, the effective resistance and inductance of 
the primary of the transformer undergo a change, the current 
through the coils of the electromagnet and, consequently, 
the starting impulses obtained by the vibrator at the extreme 
positions are dependent on the secondary current whether 
the primary coils of the transformer are in series or in parallel 
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with the corresponding coils of the electromagnet. To keep 
the frequency as constant as possible for all values of the 
secondary current, the series-parallel arrangement shown in 
the figure has been chosen. In this arrangement, the factors 
tending to diminish the field of the electromagnet are : 

(a) The current induced by the secondary current in the 
inactive coil of the transformer ; this current, flowing through 
the inactive part of the set consisting of the coils cd and c'd' 
tends to produce an opposing field. 

(b) The diminution in the current through the active 
part of the set cd and c'd' on account of the diminution in the 
inductance of the active part of the primary of the trans- 
former caused by the flow of the secondary current. 

The factor tending to increase the field is the extra current 
through the active part of the set ah and ah' caused by the 
secondary current. The effects of the increase and the decrease 
in the field due to the above causes are made very nearly 
equal by adjusting the number of turns in the coils of the 
electromagnet and the values of the equal resistances R, R 
attached at the ends of the coils cd and c'd'. With a spring 
vibrator it is not possible to make the frequency absolutely 
invariable. But as the constancy of frequency is not essential 
for the measurement of electrolytic resistances, an adjustment 
for approximate constancy of the frequency is quite suffi- 
cient. 

Greatest difficulty was experienced in removing the spark 
at each break. It has, however, been sufficiently dimi- 
nished by tapering the ends of the contact pieces to fine points 
and placing two equal resistances in parallel with the gaps. 


Specification of the Instrument constructed. 


The oscillator constructed in this laboratory works with a 
two-volt accumulator. The frequency of the current obtained 
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from it is about 650. The secondary E. M. E, is 5 volts and 
the maximum value of the secondary current is 100 railliara- 
peres. The total input current including the current used to 
magnetise the spring is about 900 milliamperes. Thus the net 
efficiency of the apparatus is about 28 per cent. 

If we leave the current of 500 milliamperes used to magne- 
tise the spring out of consideration, the efficiency comes out 
to about 62 per cent. The amounts of error in measurements 
of resistances with this oscillator and a galvanometer of the 
wattmeter form arc : — 0*005 per cent, for 10 ohms, 0*01 per 
cent, for 100 ohms, 0*01 per cent, for 1000 ohms and 0*1 per 
cent, for 10,000 ohms. With a microphone hummer the 
errors are more than 10 times as much. The resistances 
measured were those of the coils of an ordinary post office box 
and could by no means be regarded as absolutely noninductive ; 
still the balance points obtained were perfectly steady. Hence 
the oscillator can safely be used with ordinary resistance boxes, 
though the current from it is not sinuous. 

Conclusion. 

The present apparatus admits of further improvement. 
As it is, it is superior to an ordinary buzzer. It' is inferior to 
a microphone hummer in that the current obtained from it is 
not sinuous. But, as will appear from the previous paragraph, 
a sinuous current is not essential if a galvanometer is used 
for measurements with alternating currents. The apparatus 
is not, however, suitable for measurements in which the con- 
stancy of the frequency of the current is necessary. For that 
purpose, a microphone hummer is a better instrument, though 
the frequency of the current from it also is, to a small extent, 
dependent on the secondary current. The best instrument 
for the purpose, however, would probably be one in which a 
tuning fork vibrates in front of the poles of an electromagnet 
and which does not contain a condenser as a part. 
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1 am highly indebted to Professor S. N. Bose, hut for 
whose sympathetic attitude and valuable suggestions the 
work could not be completed. My thanks arc due also to my 
colleague Quazi Motahar Hossain who has helped me in ad- 
justing the frequency of the apparatus. 


Fbysics Ladobatori, 
Dacca UNivBRSiTy. 
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The Effect of the Indian Mountain Ranges on 

Air Motion 

By 

S. B. Savur. 

(Rccoiicd /(>/• publication, loth August, 1032.) 

In two papers ^ ^ Dr. 8. K. Banerji has discussed 

the effect of the Indian mountain ranges on the configuration 
of the isobars in India especially during the monsoon. In the 
course of the explanation ho has brought in some new points 
which one finds it difficult to accept. These points are : — 

(1) Earth’s rotation by itself is able to cause wind in the 
presence of barriers, 

(2) The wind velocities and directions as observed by us 
are those with respect to axes instantaneously fixed in space, 

(3) In steady air motion, the isobars coincide with the 
stream lines drawn witJi respect to instantaneously fixed axes. 

These points will be discussed seriatim. 

(1) Earth's rotation by itself is able to cause wind in the 
presence of barriers. 

That this is the view put forward by Dr. Banerji (without 
proof) is clear from his two papers * . Jqj. example on p. 702 

of (2) he says 


I 8. K. Banerji, Ind. Jour. Pliy., Vol. IV, Pt. VI, pp. 477-502. 
» Ibid, Vol. y, Pt. yn, pp. 699 - 745 . 
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“ If then we wish to form a combined picture of stream 
lines in air, we must in the first instance form two separate 
pictures as follows : — 

(1) • » * 

(2) A picture of stream lines, which will be produced by 
the mountain barriers alone, assuming that the thermodynami- 
cal mechanism is absent, and the stream lines are due purely 
to the relative motion introduced in the air on account of the 
presence of the harriers on the rotating earth.” (Italics are 
mine.) 

One may also infer this from the fact that the equations 
of motion due to the Field No, 1 (the thermodynamical 
mechanism) and Field No. 2 (due to rotation and mountain 
barriers) as given for example on pp. 495 and 496 of (1), are 
independent of each other. 

This idea appears to be new to Meteorology, for in all the 
meteorological literature I have come across, the conception is 
that the motion of air is ultimately due to the difference 
in temperature between the various portions of the air, while 
the earth’s rotation merely changes the direction of motion of 
the air. To quote only one authority in support of this, 
Humphreys says on p. 95 of his book ® “ Atmospheric circula- 
tion, whether manifesting itself in a monsoon, for instance, or 
in only a gentle lake breeze, is a gravitational phenomena 
induced and maintained by temperature differences.” 

Hence the idea that earth’s rotation by itself produces 
wind in the presence of barriers is not acceptable. 

(2) The wind velocities and directions as observed by us are 
those with respect to axes instantaneously at rest in space. 

The following extract shows that the above is the view 
put forward by Dr. Banerji. On p. 717 of (2) we read : “ Let 
US now suppose that we have a large number of wind vanes at 


3 Humphrey B Physios of the Air» 2nd Edition , 1929. 
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0*6 Km. level distributed all over India and that they are all 
read at a particular instant (say, 8 hrs.). Each observer reads 
the direction of the vane with reference to a pre-arranged axis, 
namely, the north-south line, and at that instant this line 
remains momentarily fixed in space. If now a series of 
stream lines be drawn from all these readings, these will be 
synoptic stream lines with refernce to instantaneously fixed 
axes.” 

This statement is not correct. The directions and wind 
speeds as observed by us can only be with respect to axes fixed 
in the earth. Again, the average wind velocities as observed 
by us do not exceed 30 miles per hour, whereas if they had 
been measured with respect to axes, instantaneously fixed 
in space, it can be easily shown that they would have 
been of the order of 800 miles per hour in our latitudes. 

I consider this an important point because although the 
equations for stream lines given by Dr. Banerji are those with 
respect to axes instantaneously at rest in space, the values of 
U and V, the components of wind velocity, used in these 
equations appear to be of the order of 20 to 30 miles per hour, 
i.(\, those observed with respect to the earth. I do not see 
how this can be justified. 


(3) In steady air motion the isohars coincide ivith stream lines 
as drawn with respect to axes instantaneously at rest. 

No proof has been given in support of this except 
that the theoretical stream lines drawn by Dr. Banerji are 
very similar to the normal isobars in June (see Eigs. 8 and 9 
in (1) ). 

In regard to this agreement it has already been mentioned 
above that in drawing these stream lines wind velocities with 
respect to the earth appear to have been used instead of wind 
velocities with respect to axes instantaneously at rest. Hence 
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if the correct values are used it is not known how far the 
shape of the stream lines will be modified. 

Again, the equations for stream lines are those obtained 
by Stokes for the motion of a perfect fluid inside a closed 
sector (see p. 715 of (2) ). It is not clear how these can be 
true in the case of air moving between two straight barriers 
meeting at a point, especially near the open ends of the 
barriers. They will hold much less in the case of air moving 
much further away, say in the Bay of Bengal. Besides, the 
values of the co-efficients in the equations have not been 
given either in (1) or (2). Hence it is not possible to say how 
far the stream lines shown in Fig. 8 of (1) represent the true 
stream lines drawn with respect to instantaneously fixed axes. 

But there is still another objection. Col. Gold ^ has 
shown that the velocities as ohscmd hy us are very nearly 
tangential to the isobars. This has been confirmed by Lord 
Rayleigh “ in a very elegant manner. This shows that the 
stream lines drawn with respect to the rotating earth coincide 
very approximately with the isobars. Hence the suggestions 
put forward by Dr, Bancrji, viz., that in steady air motion the 
isobars coincide with the stream lines drawn with respect 
to instantaneously fixed axes, cannot be accepted without 
further proof* 

It is very possible that other readers may have difficulties 
similar to those mentioned above. Hence these have been 
put forward with the hope that Dr, Banerji may kindly clear 
them up. 


< E. Gold, Proc. Koy. Hoc,, Vol. 3t)A, 1908, pp. 436-443. 
« Lord Raylcif-li, Sc. Papers, V.-l. VI, pp, 27(1-278. 



31 


Susceptibility of Liquid Mixtures with a New 

Apparatus 

By 

L. SiBAlYA AND H. S. VeNKATAEAMIAH. 

(Plates XXVIII and XXIX.) 

(Received for fiihlicafion, 2nd September, 1932.) 

Abstract. 

The diaraaguetisra of liquid mixtures has been investigated by weigh- 
ing a pendant drop in a nonhomogeneous magnetic field. The variation 
in the time of formation of the drops is shown to affect the value of the 
susceptibility in the direction of enhancing the true deviation from the 
mixture law. The results obtained for pure liquids are however in 
good agreement with the accepted values. 

The deviation of the susceptibility of the acetone-chloroform mixture 
from the mixture law has been studied with a new apparatus. A cylindri- 
cal glass test piece with the opposite quadrants ground off for obtaining 
high sensitiveness is suspended under the liquid at the lower end of a 
torsion fibre in a nonhomogeneous magnetic field. The twist due to the 
couple on the test piece being linearly related to the volume susceptibility 
of the surrounding liquid, the specific susceptibility has been determined 
with an error not exceeding one per cenl.. The observed maximum devia- 
tion of about 8% agrees well with the results of most observers. This 
deviation, which some investigators deny, is shown to be theoretically 
expected, 


Introduction. 

The magnetic susceptibilities of liquids and liquid mixtures 
have been recently studied by various observers, and the 

6 
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results obtained are not always concordant. This work was 
undertaken just after the publication of a paper by Trew and 
Spencer ^ on the susceptibilities of certain liquids and liquid 
mixtures. An improved method for weighing a pendant drop 
in a non-homogeneous magnetic field described in Part I, 
was employed for the susceptibility determinations ; and our 
results were not in agreement with those of Trew and 
Spencer. While this work was in progress, Ranganadham ® 
questioned the correctness of their values on the basis of re- 
suits obtained by him using the capillary ascent method. 
Further contributions to the same subject were made by Van 
Aubcl,“ Hans Buchner,^ Farquharson and Ramachandra 
Kao and Sivaramakrishnan.® More recently Mathur and 
Kapur ’ published their results on magnetic rotations in 
liquid mixtures. The conclusions of these various investi- 
gators have been accepted as correct by Trew and Spencer ® 
who attribute their results to “ a mechanical defect in the 
arrangement for moving the magnet.” Apart from the main 
controversy which ended by their note, the important ques- 
tion regarding the deviation of susceptibility values of liquid 
mixtures from the mixture law is still an open one. To men- 
tion a specific instance the acetone-chloroform mixture, 
shows a deviation from the mixture law according to Ranga- 
nadham and Hans Buchner, while Ramachandra Rao and 
Sivaramakrishnan report no deviation. Mathur and Kapur’s 
values indicate a deviation, which however is not systematic. 
Exact information on this point might throw, as Stoner puts 
it, a valuable sidelight on the structure of the molecules 

1 Proc. Roy. Boc., 131, pp. 209-224, 1931 : also Nature 128, p. 152, 1931. 

2 Nature, 127, p. 976, 1931. 

3 Nature, 128, p. 4B6, 1931. 

* Nature, 128, p. 801, 1931. 

* Nature, 129, p. 25, 1932. 

® Nature, 128, p. 872, 1931 : also Ind. Jour. Pbys., VI, pp. 509-526, 1932, 

7 Ind. Jour. Phyg., VIT, pp. 16-18, 1932. 

« Nature, 129, p. 95, 1932. 
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and the nature of the chemical combination. Our measure- 
ments on this mixture with a new apparatus, to he de- 
scribed in Part II, point definitely to a deviation from the 
mixture law and at the end of this paper theoretical consi- 
derations in support of this observation are given. 

Part I. 

Suscxpiihilihj of Liquids bij Pendant Drops * 

The method of forming a liquid drop at the end of a 
vertical glass tube in a non-homogeneous magnetic field for 
measuring the susceptibility of liquids was 
first employed by Abonnenc.' Adopting 
this method we have redesigned the appa- 
ratus in such a way as to prevent evapora- 
tion from the drops by forming them in 
a saturated space. Figure 1 gives a diagram 
of the apparatus used. The liquid or the 
liquid mixture in the bulb B flows slowly 
down the tube T and forms into a drop D 
at its end. The variation in the weight of 
the drop depends on whether it is formed 
above or below the line TY': in the case of 
a diamagnetic liquid an increase in weight 
is observed when the drop is formed 
above, and a decrease when formed below, 
YY', the magnitude of the variation 
depending on the position of the drop along XX. The 
drop is slowly formed and after detachment it is received 
in the tube R. After collecting a known number of 
drops, the tube R is closed by a cap and the weight of the 
drops is determined. If the weight of a drop is found with 

* Part I was read before the XIX Indian Science Congress* January, 1932. 

Oomp. Beu.i Vol. 190, pp. 1895-7. 1930. 
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and without the magnetic field the change in the weight is 
given by 


/\tn _ 1 
w g, 



Hy 


da; 


where x represents the specific susceptibility of the liquid and 
p its density, m the mass of the drop with the magnetising 
field and Am its variation when tlie field is removed, is 
the volume susceptibility of the atmosphere surrounding the 

drop. The quantity Hy depends on the magnetising 

current, the disposition and the shape of the pole pieces, but 
does not alter so long as these are maintained steady. In all 
our experiments distilled water is used as the standard liquid 
and its specific susceptibility assumed as — 0 72 X 10~*. Hence 
if two liquids A and B are used : 


The magnetising current is kept steady at less than half the 
saturation value in order to prevent the heating of the elec- 
tro-magnet. Though no special precaution is taken to main- 
tain a steady temperature, the big bulk of the liquid in the 
bulb B is so far removed from the magnet and the dropping 
tube T is so well enclosed by a second glass tube that practi- 
cally no variation of temperature was noticed. It is specially 
important to emphasise the fact that the drop must be formed 
very slowly for obtaining consistent results and therefore the 
prevention of evaporation of liquids is specially necessary. 
Mention however must be made of an inevitable source of 
error arising in the course of the experiment. The time of 
formation of a diamagnetic drop formed in the position indi- 
cated in Fig. 1 is found to increase when the magnetic field 


^ 

IS approximately equal 1 0 \ 1 — 1 

_ Xn ^ PaXa PrXn ^ 
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is put on . A separate experiment has conclusively indicated 
that the weight of a drop decreases as the time of its forma- 
tion is increased. The expected increase in the weight of a 
drop due to the field is thus reduced on account of the increase 
in the time of formation. This cause always makes the value 
of the susceptibility obtained by this method to be less than 
the actual value by about 5%\ The susceptibility of the 
liquid mixture also being less than the value calculated 
according to the mixture law in the binary mixtures we have 
here examined, the observed deviations are always in excess of 
the correct value. lienee a quantitative discussion of the 
variation from the mixture law is out of the question. Be- 
sides the correction term for the effect of the surrounding 

atmosphere is not quite determinate since the air is saturated 
with the vapours of the liquids used. But the mean values 
for the individual liquids compare favourably with the deter- 
minations by other observers : 



PaBcal 

xlO« 

Trt'w and 
Spencer 
( Revised) x ll)*» 

Bucliner 

xl(|6 



Autburs 

Acetone 

-O-fifil 

-O-GO'' 


-0 57 y 10-6 

Chloroform 

-irm 

-0-51(1 

1 -0 .13.5 

-((•40x10 6 

Acetic Acid 

-055 

( — 0'58 (i, Mc 3 • 
lin) 1 

i 


1 

1 

i 

i 

-O-oSxlO 6 


Accfone-cliJoroform mirhtre . — Eanganadham and Hans 
Buchner ^ obtained a maximum deviation from the mixture 
law amounting to 3 %and 2 % respectively : their observations 
are confirmed by the results of Farquharson.® Figure 2(a) 
shows our values for the liquid mixtures, and the deviation 


Ind. Jonr. Phys., Vol. VT, i-p. 121-31, 1931. 
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maximum occurs at exactly the same percentage composition 
as recorded by the above observers. It is unfortunate that 
the correction note of Trew and Spencer ® was received 
after the Fig. 2(a)' was prepared; their results however show 
that the maximum deviation is observed by them at the same 
composition of th^' mixture. The figure shows also how the 
other physical properties like viscosity and vapour pressure ” 
of the mixtures change with the relative proportions of the 
constituents and how they also exhibit the maximum devia- 
tion at about the same concentration . This maximum devia- 
tion occurs at 32%^ by weight of acetone, which corresponds 
to equal molecular concentrations of the two components. 
Besides it can be seen that maximum amount of heat is 
generated by mixing the two liquids in this proportion, thus 
pointing to the conclusion that a new substance is being 
formed, which some observers identify as dimethyl-trichloro- 
methyl-carbinol. 

Water-aceiic acid mixture . — From experimental evi- 
dence based on Eaman spectra Krishnamurti '* has conclud- 
ed that when 76^%f concentration of acetic acid is reached the 
Eaman line present in pure acetic acid at 1667 cm~‘ 
vanishes and a new line appears at 1712 cm~^, which only 
becomes sharper with further dilution of the mixture with 
water. The stage at which the Raman line at 1667 cm“^ dis- 
appears, occurs at nearly equal molecular concentrations of 
the components and is perhaps attended with the formation 
of CHsCOOH-HjO. Then the line at 1667 ems"* attributed 
to C = 0 bond in the pure acid molecule vanishes. Dunstan 
and Thole’s viscosity measurements and our susceptibility 
measurements shown in Fig. 2 (&) also indicate a maximum 
variation at this concentration. 


C. Faust, Zeit Phyeik. Chem,, 79, p. 97, 1912. 
w Nature, Vol. 128, p. 639, 1981. 

Jour. Chem. Boc., 95, p. 1556, 1909, 
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Percentage of 
acetic acid 
by weight 

Observed 

value 

xl06 

Calculated 

value, 

xl06 

Differences 

xl06 

100-0 

-0*680 

-0-580 

0-000 

90-0 

-0-577 

-0*694 

—0*017 

80-0 

-0*665 

-0*608 

-0*013 

70*0 

-0*553 ; 

-0*622 

-0*069 

60*0 

-0*629 

-0*636 

-0*007 

50‘f) 

-0*65U 

-0*650 

0*000 

10*0 

-0*704 

-0*706 

-0*002 

0*0 

1 

-0*790 

-0*720 

0-000 


Miscellaneous Effects . — Mention may be made of a few 
interesting observations that we have noticed : — 

1. Using the same liquid, say water, if the magnetising 
current in the electrc-magnet is varied, the form of the 
magnetisation curve is obtained by plotting the variation in 

9 IT 

the weight of a drop against the current. Since q - - at any 

point depends mostly on the shape and the disposition of the 
pole pieces, follows the variation of and the saturation 
current can be easily estimated when attains a steady 
value (Uig. 8). 

2. As the magnetising current is slowly increased from 
zero to the saturation value the time of formation of the drop 
gradually changes. Fig. 3 represents a set of typical values 
obtained for water drops formed in the position shown in 
Fig. 1. The magentic forces in this case tend to retard the 
formation of the drops. The effect of the time of formation 
on the weight of the drops and the consequent variation in the 
susceptibility values have been already discussed. 

3. Since the weight of a drop without the field is deter- 
mined for the liquid mixtures, a comparative estimate of the 
surface tension can also be made. Fig. 2 (6) gives the values 
for acetic acid- water mixture. 
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Flu. -A. 

This pendant drop method of determining the susceptibi- 
lity of liquids is a simple laboratory method and is just as easy 
in manipulation as the measurement of the surface tension by 
the drop method. Since the observation is affected by varia- 
tions in the time of formation of the drop, it occurred to us 
that a new apparatus could be set up for the study of liquid 
susceptibilities on the lines first suggested by Wien for the 
study of gases. 

Part II. 

The test system of the new apparatus consists * of a pyrex 
or ordinary glass cylinder from which the opposite quadrants 
have been ground off. The grinding operation must be done 
carefully so as to obtain exact symmetry in the test piece, 
since any slight asymmetry would tilt it when immersed in a 
liquid, A thin glass stem fused to the test piece along its 
axis carries a plane mirror. The free end of the stem is 
attached to the lower end of a phosphorbronze suspension 

* A preliminary note regarding this apparatus has been published in ^Current 
Science#* Vol. 1, pp. 1243, 1982. 
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(a quartz fibre is preferable), the upper end of which is soldered 
to a brass rod R [tnde Fig, (6), Plate XXIX]. The rod is capable 
of vertical movement and can be fixed by a screw S in any 
desired position of the test piece with reference to the magnet. 
The test system and the suspension are encased in a wide glass 
tube (vide Fig. a, Plate XXIX) with an opening for cementing 
a lens in front of the plane mirror. The torsion head is fixed 
to the top of the glass tube. The liquid is inserted from a 
side tube, which in the course of the experiment is used for 
the insertion of a 1/10° thermometer T. The tap at the 
bottom of the tube serves to empty it after the completion of 
a set of readings. The disposition of the test piece with 
reference to the pole pieces is indicated in diagram 4. 



Methods of Manipulation and Calculation . — When the 
magnetic field is put on, the couple on the test piece twists the 
suspension, but the usual practice of turning the torsion head 
and bringing the test piece to the initial position and noting 
the twist has not been adopted as it is very trying. As an 
alternative, the test piece is adjusted to the zero position when 
the field is on (vide Fig. 4) and the resulting deflection when 
the field is removed is noted. Since the deflections and the 
positions in the close neighbourhood of the correct 
initial position of the test piece have been found 
to be linearly connected, the deflection in any particular 
position of the test piece could be estimated by in- 
terpolation with the neighbouring values. In order to attain 
high sensitiveness the reflecting mirror on the test piece is ad- 
justed parallel ttr one of its ground faces which in its zero 

7 
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position is also parallel to the lines of magnetic force (Fig. 4). 
The relation between the deflections obtained when the 
magnetising current is switched off in any fixed position of the 
test piece in the field and the volume susceptibilities of the 
liquids is linear, thus rendering the calculation of volume sus- 
ceptibilities simple. A density determination enables one to 
calculate the specific susceptibilities. 

If the volume susceptibilities of the material of the test 
piece and the surrounding liquid be and K respectively, 
the couple on the test-piece is 


(K,-K) 




i xr) fh 


where dv is the volume element whose position vector relative 
to the axis of rotation is r and H, the field intensity at the point. 
If C is the couple per unit twist and ^ the angular deflection, 




Whence K=K„+A0 


and it is thus clear that K and (9 are linearly connected and 
that Ko is obtainable by interpolation. 

The performance of this new apparatus was tested by 
determining the susceptibilities of some pure liquids and it 
was found that the error of determination in no case exceeded 
one per cent. Two test pieces, one made of ordinary glass and 
the other of pyrex, have been separately tried but always with 
the same result. Incidentally it may be mentioned that the 
specific susceptibility of pyrex glass was found to be — 0 * 298 
X 10“* and that of ordinary glass used by us to be —0*366 
X 10"®. The investigation of the deviation of the susceptibility 
values of the acetone-chloroform mixture from the mixture 
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law was next conducted with this apparatus. The following 
table shows the results obtained : — 


Percentage of chloroform 
by weight 

Obseivod valae 
xl0« 

Calculated 
value X 10^> 

Deviation 

X 1()6 

0-0 

-0*580 

-0-580 

0*0 

21-2 

-0*556 

-0-604 

-0*008 

Gl-66 

-0-618 

-o-SSO 

-0*015 

72-25 

-0-510 


-o-oin 

100 

-0-506 

-0-505 

0-0 


The maximum deviation from the mixture law values is 
about 3%* which agrees well with the observations of 
Ranganadham, Hans Buchner and Farquharson. The variation 
is well outside the limits of experimental error and hence it 
is not possible to ignore this deviation. 

In Part I, it has been pointed out that the vapour pressure 
and the viscosity of this mixture show deviations from the 
mixture law, the maximum deviation occurring as in the case 
of the magnetic susceptibility at nearly equimolecular propor- 
tions of the components. Also the magnetic rotations of this 
mixture have been found by Mathur and Kapur ’’ to be 
different from the calculated values. 

Generally when two liquids A and B are mixed together, 
the variation of any physical property from the mixture law is 
attributed to a chemical change resulting either in the forma- 
tion of a new compound or in the dissociation of one or both 
the components. The former case, which corresponds to the 
mixture under discussion, can be represented thus : — 


aA+6B — 


The susceptibility of the new compound Aa-® Bb-y cannot in 
general be computed from the known values for A and B. 
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Applying Pascal’s additive law, the calculation of the suscep- 
tibility of the new compound would entail the determination 
of a new additive constant, which bears no relation to the 
constants of the liquids A and B. Also in the case of a 
solution, Stoner mentions that the mixture relation does not 
invariably hold, for the state of the solute may vary with the 
concentration owing to the interaction with the solvent. 
Thus it follows that the deviation of the susceptibility of 
acetone-chloroform mixture from the mixture law should be 
real, consistent with the known facts regarding the variation 
of the other physical properties of this mixture. Combining 
these considerations with our experimental observations, we 
conclude that this mixture exhibits a deviation which at no 
concentration exceeds 3,%*, 


University ok Mysore, 
CJ5NTRAL College, Bangalore. 
16th August, 193ii. 
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A Note on the General Spectrum of the Night Sky 
as observed in India. 

By 

K. B. Eamanathan, M.A., B.Sc. 

Solar Physics Ohscrvafory, Kodaikanal . 

(Plate XXX.), 

{Received for publication, 5th September, 1932.) 

The presence of the green line 5577A due to neutral 
atomic oxygen may be considered to be established in the 
spectrum of the night sky in all parts of the world. But 
there is still considerable lack of knowledge regarding the 
general spectrum accompanying it. L. A. Sommer ^ from his 
examination of plates obtained at Gottingen, came to the 
conclusion that nitrogen bands are normally present in the 
night sky as in polar aurora, while Lord Rayleigh ^ has 
adduced strong reasons for the view that the spectrum of the 
normal night sky is essentially different from that of the 
polar aurora in as much as the former does not show the 
negative nitrogen bands which is a striking characteristic of 
the latter, and besides, shows two lines (or bands) which he 
ealls Xj and Xj located at 4419 and 41G8A . In a recent note, 
M. J. Dufay* has tabulated a large number of bands obtained 

^ L. A. Sommer, Z. Tbysik, Vol. 67, p. 68*2 (1929). 

2 Lord Kayieigh, Proc. Eoy Soc.. A Vol. 131, p. 376 (1929). 

® J. Dufay, Couiptes Kbndus, Vol. 193, p. 1106 (1931), 
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in the spectrum of the western night sky taken in Prance : 
although some of the bands are common to the aurora and 
the night sky, the two cannot be considered as being 
identical. 

In view of the general interest of the question and the 
non-agreement of views between different investigators a 
few long exposure photographs of the spectrum of the clear 
night sky were obtained at Poona (lat. 18° 30') in Pebruary 
and March of this year. Owing to the low latitude, we 
may be fairly confident that the spectra will not be affected 
by even faint auroral discharges. Some comparative spectra 
of zodiacal light were also obtained. 

The spectrograph used ^ had a single flint prism, the 
collimator having a focal length of 1;2 in. and aperture 1‘5 
in. and the camera having a Dallmeyer lens of focal length 2 
inches and aperture ratio P/l o. The dispersion of the 
instrument was such that the distance between the green line 
5577 A and the H line of the solar spectriira on the plate was 
about 3' 5 mm. The plates used were Extrema- Ortho or 
Finogran manufactured by the Mimosa A.G. of Dresden. 
This has a region of high sensitivity from 5400-5750 and 
4800-3900 A.U. A good spectrum was obtained with an 
exposure of 25^ hours on five nights on clear moonless 
skies between the 11th and 15th Pebruary. The exposures 
were made with the collimator facing south-west at an angle 
of 25° with the horizon and the slit-width was 0'G7 mm. As 
all the exposures were after 22 hs. 30 m., the spectrum would 
not be affected by the zodiacal light. Another good plate 
was obtained between the dates 28th February and 5th March 
with a slit of 0'47 mm., the total time of exposure being 3Cf 
hrs. For showing the lines or bands more distinctly in print, 
Fig. 1 was obtained by superposing the two long exposure 
night sky spectra and making an enlargement. The close 


^ E. B. BamanatbaD* ' Natore*' Fabraary 20 (1932)< 
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resemblance of this night sky spectrum with that obtained 
by Slipher (and reproduced in Lord Rayleigh’s paper) shows 
that the occurrence of the general spectrum in the non-polar 
aurora is as much a world^wide phenomenon as that of the 
more conspicuous green lij|>e and is quite distinct from the 
polar aurora. The bright liies or bands referred to by Lord 
Rayleigh as Xj and X, are nfarked in the figure. In order to 
convey an idea of the r^tive intensities of the bands, 
rnicrophotoraetric traces of |te plates are shown in Figs. m 
and 3(i>). 

The following table givM the approximate wave-lengths of 
the more conspicuous of the lines or bands as measured from 
these plates. The wave-lengths are calculated by using Hart- 
mann’s formula, the constants being determined from the 
measurements of the positions of hydrogen and helium lines 
in a comparison spectrum, and the known wave-length 5577A 
being made use of to go over from one spectrum to the other. 
Other plates with still shorter exposures also show some of 
these bands and wave-lengths obtained from them agree within 
the accuracy of measurement with those obtained from these 
two plates. 

There are many other lines listed by Sommer and Dufay 
but, with the limited range of sensitiveness of the Mimosa 
plate and the low dispersion^employed, more lines could not be 
definitely identified in my plates. 

It is interesting in this connection to recall the old obser- 
vations of Mr. E. A. Fath" on the integrated spectrum of the 
Milky Way who, with an exposure of 66 hs. 13 m., obtained 
a spectrum which showed a bright line at 416fija and " faint 
additional absorption lines at 411, 421 and 448/u,ft.” He also 
noted that the line G was very broad. From his description of 
the spectrum and its reproduction in the paper, it shows great 
resemblance to the spectrum of the night sky. As both Fath 


• B. A. F*th, ‘Astrophys. Jour.’ Vol. 38, p. 862 (1912). 
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Table I. 

Positions of Lines or Bands in the Night Sky Spectrum. 



— 1 

] 

2 

3 

HI 

5 


Observed at 
Poona 

Observed by 
liord Rayleigh 

Observed by 
Sommer 

Observed by 
Dufay 

Ob 

served by 
^lipher in the 
Zodiacal light 

1 

6577A 

0677 

6577 

5577 

6677 

2 

465.'; 

— 

4562 

4654 

-* 

0 

4430 

4419 

4157^ 


4424 


1 


4122 ; 

4422; 


4 

4270 


4270 

4268 

4280 

6 

4180 

4168 

4100 

4171 

4175 

6 

4000 


— 


4080 

7 

4040 


— 

4044 

-- 

8 

3960 


3976^ 

3984 





394(0 

3951 ) 

— 

9 



3916 

3914 

3916 


and Lord Eayleigh have assumed, it is possible that there is a 
background of continuous spectrum with the Fraunhofer lines 
on them. In that case the last of the "lines ” in the above 
table would correspond to the bright region between the H 
and X lines and the last “ gap ” to the K line, but with the 
low dispersions so far employed we cannot be very certain 
about the identity of the lines. Kaplan ” has suggested that 
Xi and Xa are emitted by singly ionized oxygen atoms with 
wave lengths 441()‘97 and 4169*23A, but the reason why 
these two lines should be selected is not at all evident. While 


» J. Kaplan, Pbya Eey., Vol. 38, p. 1048 (1931). 
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there seems to be little doubt that 4275 and 391G are to be 
identified with negative nitrogen-band heads, the securing of 
better resolved spectra of the night sky and a more precise 
determination of the wave-lengths involved are necessary 
preliminaries to tracing the origin of the lines. 

There is nothing to indicate that the nights should be 
exceptionally bright in order to show the general spectrum 
other than the green lino. Whenever sufficient exposure has 
been given, the spectrum has come out with similar charac- 
teristics. The relative intensities of the bands do not however 
remain constant. This can well be seen by comparing the 
microphotograms in Pigs. 3 and 4. The wave-lengths 4130 
and 4180 are comparatively weaker in Fig. 4. As Lord 
Rayleigh has pointed out, some exceptionally bright nights 
do occur. For instance, a four-hour exposure on the night 
of 11-4-31 from the roof of the Indian Association for the 
Cultivation of Science at Calcutta brought out the bands more 
clearly than many exposures of much longer duration. 

In order to show the difference between spectra of the 
zodiacal light, the light of the night sky and the twilight sky, 
photographs of these are given in Fig. 2. Fig. 2 (5) is really 
a composite of zodiacal light and night sky, the exposures 
being towards the west sky from the end of evening twilight 
to midnight and towards the east from midnight to moonrise, 
the total time of exposure being 10 hours. The intensity of 
the zodiacal light falls off rapidly on the shorter wave length 
side of 4400A. The Fraunhofer lines G and H can be identi- 
fied in it and the line 5577A comes out strong. Some of the 
other peaks of intensity in it correspond to bands in the night 
sky spectrum, but it requires further study to say whether 
these are due to the background of the night sky or are 
characteristic of the zodiacal light. SlipheF has recently 

^ V. M. Slipher, Ijowell Obs Ciic. February 20 (1931), reported iu Popular 
Aitronomy, Vol. 40, p. 439 (1932). 

8 
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reported the finding of emission lines or bands near 66 77 A, 
4424 A, 4280A, 4175A, 4080A and 3916A in the spectrum of 
the zodiacal light. It will be seen from Table I that the first 
five of these agree within the accuracy of measurement with 
the bands listed in Table I. 

My thanks are due to Mr. S. P. Venkateswaran, M. A., for 
his kind help in constructing the spectrograph. 
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The Effect of the Indian Mountain Ranges on 

Air Motion. 

By 


S. K. Baneejt. 


{Received for 'pahlication, 9th September, 1932.) 

It is clear from the three points which Dr. S. R. Savur 
has raised in the preceding note* that he is labouring under 
certain fundamental misconceptions. 

(1) The question whether earth’s rotation by itself is 
able to cause wind in the presence of barriers does not at all 
arise in the problem which I have discussed in the two papers 
to which he refers. There is wind produced by thermo- 
dynamical mechanism and in the path of this wind we interpose 
certain mountain barriers. Surely the original circulation 
will be profoundly modified by the barriers. The wind 
produced by thermodynamical mechanism is represented by 
the stream function \Jj^ (Field No. 1) and the effect of the 
mountain barriers on this wind by (Field No. 2). The 
function i|>2 must satisfy certain boundary conditions on the 
barriers, which rotate with the earth, as explained on pp. 712- 
IB of paper (2), and when is determined, the modified 
circulation is given by Immediately after giving an 

approximate physical interpretation of Field No. 1 and Field 
No. 2 by means of the two pictures mentioned on p. 702 of 


Fagt 3Sd of this Issut. 
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paper (2), which Dr. Savur quotes, I state on the same page 
as follows; “Since Dield No. 1 rspresents the primary current 
and Field No. 2 the disturbance due to the boundaries, a good 
approximation will be obtained of the combined field if these 
component fields arc compounded together. When, hotcevcr, 
a closer approximation is desired it tvill he necessary to calculate 
the smaller order terms involviny the mutual action of these 
two field sW Any one who is familiar with the solution of the 
boundary problems in mathematical physics by the method 
of successive approximations will find no di£&culty in under- 
standing the meaning of the statement. This statement 
makes it perfectly clear, without any kind of ambiguity, that 
an approximate solution is obtained only when the two fields 
arc compounded together and that therefore the two fields 
must be co-existent. The existence of Field No. 2 in the 
absence of Field No. 1 is not at all contemplated. The 
remark of Dr. Savur that in the examples on pp. 495 and 49G 
of (1) Field No. 1 and Field No. 2 are independent of each 
other is misleading. In the footnote on p. 49G of (1) and on 
p. 713 of (2) it is clearly stated that in obtaining the solution 
the most general expression for xf/.^ has been assumed. In the 
examples only the most important terms have been retained. 
The constants involved in the expression for tf/, are functions 
of the constants in xfi. The two fields are therefore not 
independent of each other. 

The method of determining the constants is the one 
usually employed in boundary problems of this kind and 
consequently details were not given in my papers. I will, 
however, briefly indicate the steps here in order to make my 
points clear. Let us consider the corner over Bengal bounded 
by the Himalayan Range ® and the Burma Hills, each supposed 


The Hirniilayan Kange is longer than the Burma Hills, but w© consider hera only 
the portion equal to the length of the Burma Hills as forming the northern boundary of 
the corner* 
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to be of equal length a. If we use polar co-ordinates (r, 6) 
then the Burma Hills will have the equation r-O to a, $ = a, 
and the Himalayan ^ ange r = 0 to a, 0 = If the centre of 
the ‘Low’ due to thermodynamical mechanism be taken at 
r = c, 6=y, then 


i^j = V log 2rc cos {6 — 7 ) + ... ( 1 ) 

[see pp. 729-32 of (2) ]. 

Expanding by Eourier’s theorem, we get 

^j'=V logc + vj^— co> (^ — 7 ) — iyii cos 2 ((? — 7 ) — coh 3(11 — 7 )— ... 

rZc. ... ( 2 ) 

For Field No. 2, we assume the most general expression 

^2 = (A I cos I? -I- B , sin ^)— (A 2 cos 20 + 1^2 sin 26')-^ 

+ (A;-. cos 3^-1- B 3 sin 3^)-^, -i-ctc. ... (;>) 

If X is the mean latitude oi'er Bengal, then the boundary 
condition over the barriers becomes 

{4'l+4'2) = wr X, ... (1) 

0 r 

for r = 0 to a, 0 = a, and also for r = 0 to a, 6 = ^ [see p. 712 
of (2) ]. 

We substitute the expressions (2)' and (3) in this equation, 
differentiate with respect to r, and then put 6 = a. We thus 
get an equation which holds for all values of r from 0 to a. 
We therefore equate the co-efficients of different powers of r 
on either side. In a similar way we put d=fi in equation (4)' 



414 


S. E. BANERJI 


and equate the co-efficients of different powers of ron either 
side. We thus get from the boundary conditions 


•^1 


0 


V 

C 


COS y 


a 


V . 

= — sin y 
c 


(5) 


2Ao o , 2 B 2 . n V n , \ ■ x 

COS 2a + sm 2a — _ cos 2 (a — y) = w sin A 1 
a* c 2 

cos 2/i 1 sill 2ft- \ cos 2 (ft-y)--=u) sin A> 
a‘‘ ' 


( 6 ) 


cos 3a + sin 3u- cos 3 (u-y) — O') 


cos 3ft -i sin 3ft -X. cos 3 (^-y)-0j 


(7) 


etc, etc. 

The pairs of equations bracketed give the values of , B 2 , 
As , B 3 , etc. It will be clear from the above equations that 
the constants determining Field No. 2 depend on V, c and y, 
that is, on Field No. 1 . The two fields are therefore clearly 
not independent of each other. 

The centre of the ‘ Low ’ is at a considerable distance 
away from the corner over Bengal. Consequently c is very 
large compared with the dimensions (a X a) of the field over 
Bengal. In the expansion (2) of i/ij we can neglect all terras 
involving cubes and higher powers of 1/c. When this appro- 
ximation is made, Ai , Bj , and Aj, Bj are given by ( 6 ) and ( 6 ), 
but the remaining equations reduce to 

A3 = 0, 63 = 0, A4 = 0, B4 = 0, etc. 

Field No. 2 has therefore the form 


— ^ cosy, a: + siny. J/+ [x:^ — y^)+^^xy 


( 8 ) 
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where Aj and are given by equations (6). This is precisely 
the expression which has been used in my papers. If in the 
expression for xfii, we neglect also the terms involving 1 /c^ 
then we see from (6) that and Bj depend only on w sin X 
and the angles defining the corner. In other words, the cons- 
tants Aa, Ba depend purely on tlie rotation of the corner. It is 
thus seen that the most important contribution to the expres- 
sion \|»a comes from this source. It is clear from the above 
d(‘rivation that the expression for holds over a circular field 
of radius a with the corner at its centre. 

When we neglect squares and higher powers of 1 /c, we 
have close to the barriers 




A?. 


-y 2) 


2B., 


^ 1 /- 




In other words, close to the barriers Field No. 2, as defined on 
p. 495 of paper (1) or p. 702 of (2), and which Dr. Savur quotes, 
preponderates. Outside the circular field of radius a defined 
above, we have to use “ external harmonics ” in the expres- 
sion for \li 2 . Away from the barriers, therefore, has, owing 
to the law of continuity, the form 

^g = (Ai COS fi + Bj sin 0) -^ + (A 2 cos + sin 20) ^^ + etc. (10) 

where Aj, Bj, Aj, Bj, etc., have the same values as above. As 
a consequence of the inverse powders of r, rapidly diminish- 
es in importance with increasing distance away from the 
barriers. But the form of remains the same as in (1) or (2). 
Consequently away from the barriers, preponderates. 

When a fresh mass of air enters into the partially closed 
space included between mountain barriers, hydrodynamics tells 
us that relative motion must ensue purely as a consequence of 
the rotation of the frame containing the barriers. The case in 
which the same mass of air remains rotating for ever inside a 
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steadily rotating frame is purely of academic interest and 
does not occur in the atmosphere. In consequence of the 
thermodynamical mechanism the mass of air in any partially 
bounded space is being continually rene’ved. I clearly state 
on p. 702 of paper (2) : “ It need hardly be mentioned that 

in nature wc can never visualise Field No, 2. For, novrhere 
can the thermodynamical mechanism be absent.” Whether 
in the case when the same mass of air remains rotating for 
ever, it will, owing to viscosity, rotate after a sufficient length 
of time as a solid body, does not appear to have been defi- 
nitely solved. The best ansTrer to tbe question has been given 
by Lord Rayleigh in his paper “ On the motion of a viscous 
fluid,” Phil. Mag., Vol. XXVI, pp. 776-8G, 1913 [Scienti- 
fic Papers, Vol. VI, pp. 187-9G. The dissipation function 
has to be a minimum and rotation as a solid body is a final 
possible state. But whether the dissipation function can be 
minimum under some other state we do not know. When the 
second order terms in tbe dynamical equations cannot be 
neglected, we have practically no knowledge on the subject. 
We are, however, not concerned with the question in the pro- 
blems discussed in my papers. 

The quotation made by Dr, Savur from Humphreys* 

‘ Physics of the Air ’ does in no w^ay suggest that atmospheric 
circulation should undergo no distortion when it strikes against 
mountains, 

(2) The remark that my view is that “ the wind velocities 
and directions as observed by us are those Avith re.spect to axes 
instantaneously at rest in space ” is a pure inis-representation. 
The quotation made from p. 717 of paper (2) in support of 
the remark refers to observations of wind directions only (not 
velocities) made at the same instant (synoptic) at a close net- 
work of stations over India. The quotation specifically men- 
tions merely wind-vanes, but Dr. Savur brings in both velocities 
and directions. It is surprising that he does not know that 
wind vanes record directions only and not velocities. For the 
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tracing of stream lines, the knowledge of wind directions at a 
close net-work of stations is suffi.cient ; we do not require to 
know the velocities. Turthermore it has been strongly em- 
phasised in italics on p. 704 of (2) that the M’hole discussion is 
based on the assumption of a “ steady circulation a steady 
monsoon curr ent. The observations with wind vanes referred 
to are not the ordinary observations but synoptic observations 
under steady circulation. Emphasis must therefore be laid on 
two facts that the direction of the wind vane with reference 
to the N-S line (fixed on the earth) at any station does not 
change with time, and (2) that the readings of the wind vanes 
at all the stations are taken not only instantaneously but also 
at the same instant. As a consequence of the first condition 
the direction of wind becomes purely a geometrical angle, 
which at a station remains constant for all time. It no doubt 
varies from station to station but depends merely on the co- 
ordinates of the station and not on the time. The stream lines 
with reference to the N-S line fixed on the earth are therefore 
a series of geometrical curves w'hich do not change their 
form with time and may therefore be regarded as fixed to the 
earth itself. With reference to the axes fixed on the earth 
these curves consequently represent not only the stream lines 
but also the paths of the particles. Now suppose that a line 
fixed in space coincides with the N-8 line fixed on the earth 
at a particular instant. Since the two lines coincide, all read- 
ings of angles giving the dii’ections of wind instantaneously 
taken will be the same w'hichever of the two axes they refer 
to. Consequently the instantaneous stream lines with refer- 
ence to the axis fixed in space are the same as those drawn 
with reference to the N-S line fixed on the earth. This 

* The best way of realising this is io consider that tlio stresin lines with reference to 
the N-S lino fixed on the earth are permanently engrave, il on the surface of the earth. If wo 
take an instantaneous view from a point fixed in space and above the surface, we will see 
the engraved linos exactly as they are. Suppose for cloarnoss that one itream line coin- 

9 
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relationship is a pure consequence of the fact that the velo- 
cities as well as the stream function are functions of coordi- 
nates only and not of the time. With reference to axes fixed 
in space we can have two distinct stream functions if/ and if/'. 
The function if/ which represents the instantaneous stream 
lines at any instant does not determine the paths of particles. 
Since the circulation is steady and since the earth’s angular 
velocity is constant, we will, if we determine the resultant 
motion at any point duo to relative velocity and earth’s rota- 
tion obviously find that its direction with reference to axes 
fixed in space does not change with time. liy plotting these 
directions of the resultant motion at all the stations we will 
got a new set of stream lines denoted by i// = ctnstant, which 
will remain the same with reference (o the axes fixed in space 
for all time. The stream lines = constant will therefore 
represent the paths of the particles wdth reference to axes 
fixed in space. Wo thus see that instantaneous stream lines 
are not the paths of particles with reference to axes fixed in 
space. But with reference to axes fixed on the earth, the 
paths of particles and instantaneous stream lines are the same. 

These inferences can be readily drawn from the dyna- 
mical equations. Furthermore, the values of U and V used 
in my papers are the observed wind velocities because all the 
dynamical equations have been expressed in terms of relative 
velocities. There is nothing to prevent us referring our dyna- 
mical equations to momentarily fixed axes and at the same 
time expressing them in terms of “ relative velocities ” and 
the angular velocity of the earth, which is a constant. Most 
of the difliculties of Dr. Savur appear to mo to be due to his 
failure to recognize this fact. The remarks in the second and 


cides with the boundary walls of the Meteorological office at Poona and we take an instanta- 
neous photograph from a point fixed in space above the compound. We would get the same 
picture as we would obtain if we exposed the camera in the same way from a point above 
the compound but fixed to the earth. 
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third paragraphs of his art. 2 are due to his illusion that 
if the dynamical equations refer to fixed axes then the 
components of velocities in which they are expressed must 
necessarily refer to fixed axes, Ilis so-called “important 
point” would appear to be no point at all. Let us refer the 
equations of motion of the fluid covering the rotating earth 
to a set of axes passing through the centre of the earth 
and instantaneously fixed in space. The polar axis is a 
fixed axis. Let 6 and ^ be the co-latitude and longitude 
respectively of any point in the atmosphere and z its altitude 
measured outwards along a normal and let w be the earth’s 
angular velocity. The kinetic energy of unit mass is given by 

2 T=(E + «)202+ + + (11) 

where R is the radius of curvature of the meridian section of 
the surface of reference (very nearly equal to earth’s radius) 
and 73 the distance of the particle from the polar axis. 

The above expression represents the absolute kim'tic 
energy with reference to axes fixed in space and not the rela- 
tive kinetic energy with reference to axes rotating with the 
earth. This is so because the angular velocity 9 is measured 
from the polar axis which is fixed in space, and (a-\-<j) is 
measured with reference to a meridian, which is also fixed in 
space, and & from a fixed level surface. 

By using Lagrange’s formula, we get the equations of 
motion* in the form 


Dw o e 1 

-2 wt) COS 6~ 

Dt E -f a 

av 
do ’ 


... (12) 

Dv 

+ 2 u) w cos Q-i- 2 m tv sin 


dv 

di’ 

... (13) 

-fTT “2 wC Sin 6= - , 

Dt a a 



... (11) 


* Lamb’s Hydrodynamics, 4th Edition, pp. 318-20 ; Jeffreys, "On the dynamics of 
wind,” Quart, Journ. Roy. Met. Soc., Vol. 48, p. 39 (1922). 
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where 71 , r, ir are the components of relative velocity in the 
north-south, east-west and vertical directions and are given 
by 


and 


m = (R + «)P, W==#, 

D 9 ,» 9 9 

m at ' il + z 06/ ^ ^ da ’ 


... (16) 

... ( 10 ) 


i- --p-a+: 




(17) 


j) is the pressure and f> is the gravitational potential due to 
the earth’s attraciion. 

llecause equations (12), (10), (14) have been derived from 
absolute kinetic energy with reference to fixed axes, they 
clearly refer to the instantaneous positions of the axes of 0, (j> 
and z. (The axis of 0 and the reference surface for z are, 
of course, definitely fixed so far as the diurnal rotation is con- 
cerned). ///'(R-f^;) is extremely small, and so also vj , except 
near the poles. If wo neglect vertical motion, which is 
always small, we see from (10) that 

11 9 

Df ■ at ’ 

But for steady motion -0. 


Therefore, equations (12) and (13) become 
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Writing Bd6 = dx and = sin. 0 d4 = dij, wo got 


-2(1) t) cos 6 = ■ -y? 

Qx 

ftp 

2 U> U COM 0 — — 

dy 


(20) 

(21) 


In making the above deductions, we have not changed the 
axes from their instantaneously fixed positions in space, with 
which we started, to rotating axes. Equations (20) and (21), 
just like equations (12) and (13), refer therefore to axes ins- 
tantaneously fixed in space. These equations could have been 
deduced by merely considering the steady rotation of a small 
area with angular velocity oj cos 0 about a vertical axis. 

Equations (20) and (21) arc exactly the same as those 
given under (5) on p. 7U() of paper (2) with the omission of 
the frictional terms. At the bottom of p. 705 of (2), it has 
been definitely stated that these equations refer to instantane- 
ously fixed axes. 

It should be noticed that although the dynamical equa- 
tions (20) and (21) refer to fixed axes, the components of velo- 
city n, V entering into them are the “relative velocities” and 
not the absolute velocities. For a steady circulation, we can 
neglect the variation of density of air at any point with time. 
The equation of continuity® in the above co-ordinates there- 
fore becomes 


1 d(^) .1 dv 

lidf 60 

W (A) 


( 22 ) 


==cos ^ and w cos tf/(o is extremely small, the above 
equation on putting, as before, BdO^dx, iad4>=dy, reduces to 


d« 9i> 
dx dy 


( 23 ) 


® Lamb's H^rdrodynsmlcs, 4tb EdiUoa, p. 320 and also p, 204. 
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The stream function being orthogonal to the velocity 
potential, would as a consequence of the above equation 
satisfy 


^ 3 . + 

dx'^ 



(24) 


Since «, v are the relative velocities, \}i is the relative 
stream function. It is thus clear that when we make the 
approximation as explained above, the relative stream function 
for steady motion satisfies the same equation whetlmr the axes 
are instantaneously fixed in space or rotate with the earth. In 
my paper the solutions of the above equations have been used. 
They are therefore expressed in terms of the relative velocities. 
This is precisely the reason why in the numerical computation, 
the observed values of wind velocities have been used. 

We draw our synoptic weather maps on a plane surface, 
that is to say, on a plane either parallel to or passing through 
the polar axis. The equations (20) and (21) being two-dimen- 
sional do conform to such plane representation. The velocity 
u then is measured along the polar axis and r perpendicular to 
the polar axis. The direction of wind will be given by tiie 
angle x = tan“^ (v/u) measured from the polar axis.® Since 
equations (20) and (21) hold only for steady circulation, we see 
at once that under this condition the instantaneous stream 
lines, = constant obtained by plotting the directions x or 
tan“^ (v/it) are the same whether the axes are fixed in space or 
rotate with the earth. We see also that the stream lines ijf' = 
constant, which will be obtained by plotting the directions 

tan"’ [(r-l-tow)/^] would not change with time, and would thus 
continue to remain stream lines with reference to axes fixed in 
space for all time to come. These would therefore, as already 
indicated, represent the paths of the particles. In synoptic 


^ One axis, polar axis, is sufficient for the determination of the direction on a 
plane surface. 
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representation, it is the function wliich wo have to consider 
and not the function ifi\ There is nothing instantaneous in ift' ; 
it is true for all time. 

(3) The statement of Dr. Savur that in steady air 
motion the isobars coincide with stream lines as drawn with 
respect to axes instantaneously at rest ” is not a correct repre- 
sentation of what I said in my papers. I have used every- 
where the expression “ synoptic isobars ” or “ instantaneous 
configuration of isobars” and not simply “ isobars ” as Dr. 
Savur does [see p. 716 of (2)]. It is because Dr. Savur has 
not grasped the precise meaning of synoptic observations (or 
observations taken instantaneously and at the same instant) 
under steady circulation that he is meeting with all these 
difiiculties. It is not correct to say that no proof has been 
given of the proposition. Definite proof has been given in the 
first paragraph of page 717 of paper (2). 

Our barometers record the dynamic pressure, that is to 
say, they record the pressure p as given by (17). When the 
circulation is steady, P is given by integrating equations (20) 
and (21). If »// is the stream function, then we can write 


V = — •: 


d'f' 


_ di/' 


dx Qy 

Consequently on integration we get 

P = — 2 o> cos 0.^ + constant. 


and by (17), 


— — 2 <0 cos 0. ij' — Q + 1 w® + constant, 
P 


or 


£ 

p 


2 o) cos 0. xj/ — gx + J ii,® TJ® + constant. 


(25) 


(26) 


We see that under steady circulation p is independent of f, 
and as p is a scalar function, the instantaneous values of g are 
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the same whether the axes rotate with the earth or are fixed in 
space. The configuration of synoptic isobars under steady 
circulation is therefore the same whether the axes are instant- 
aneously fixed in space or rotate with the earth. 

I have explained above that when the circulation is steady 
the instantaneous values of the scalar function ^ are the same 
whether the axes are fixed in space or rotate with the earth. 
If we limit our discussion to a small area over a level surface 

then Cl is constant and so also w® over the surface. Conse- 
quently equation ( 26 ) gives that when p = constant, rp is also 
= constant. In other words, the isobars coincide with stream 
lines. It is thus obvious that the synoptic isobars and instan- 
taticoiis configuration of stream lines coincide with one another, 
whether the axes are instantaneously fixed in space or rotate 
with the earth. It will thus be clear that there is no conflict 
whatsoever with Col. Gold’s results or Lord Rayleigh’s results 
referred to by Dr. Savur. Lord Rayleigh in liis paper starts 
with the remark that “ an instantaneous derivation of the 
formula for the gradient wind has been given by Gold,” writes 
his equations with reference to axes instantaneously fixed in 
space and in the subsequent discussion never changes them to 
rotating axes.^ Strictly speaking therefore his results are true 
with reference to axes instantaneously fixed in space. The 
mere fact that he expressed'his equations in terras of the relative 
velocity or the relative stream function does not change his 
axes to rotating axes, "When, however, stress is laid on the 
word “ instantaneous ” with which Lord Rayleigh bf'gins and 
the fact that in the latter part of his discussion he considers a 
steady motion, it is immaterial whether the axes are considered 
to be instantaneously fixed in space or to rotate with the earth. 

7 Lord Batyleigh’s equation (6) from which the gradient equation is dedu(‘<ed refers to 
the inttantaneous position of the axis of a;, which at the moment coincides with the line 
perpendicular to the direction Df relative motion at any point,” This is clear because this 
equation is the same as his equation (3), which explicitly refers to the instantaneous 
position of the os-axis. 
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In regard to Dr. Savur’s remark relating to Stokes’ solu- 
tion used by me on p. 716 of (2), I would point out that on 
page 713 of (2)', I take the most general expression for the 
stream function and use Stokes ’ solution merely to find out 
which terms are most important in the neighbourhood of the 
rectangular corner over Bengal, I have given brief explana- 
tion on pp. 729-32 of paper (2) as to how the solutions have 
been used in tracing the stream lines. I have indicated in the 
first part of this note how the constants are determined and 
the form of the stream function inside and outside the corner. 
It is of course not possible to give detailed numerical values 
of these constants in this brief reply. 

When we take viscosity of air into consideration, the 
equations® (20) and (21) will become 


— 2w cos 6 f: 


ep 

Qx 

9P 


+ h 


'd«2 ’ 


2ci> cos = ■+ h , 


( 27 ) 


The terms ’-4^ involve vertical variation of wind. In free 

air when there is a steady horizontal circulation, we can neg- 
lect the vertical variation of wind. We see from the form of 
the dynamical equations that on this assumption, the viscosity 
terms are negligible. It was on this ground, which has been 
clearly explained in my papers, that the equations of motion 
of a perfect fiuid were used. Within the limit of approxima- 
tion, as explained therein, the method adopted is fully justifi- 
ed. The agreement between the observed and theoretical 
stream lines gives a complete confirmation of the correctness 
of the procedure. 


8 Jeffreys, loc. cU. 


10 
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A Note on the Shape of the Electro-capillary 
Curve of Mercury in Capillary Inactive 
Electrolytes. 

By 

B. M. JoSHI, M.SC. 

{Received for publication, 9th September, 1932.) 

F. 0. Koenig* has recently stated that when alkali salts 
are used as foreign electrolytes, amalgam formation most 
probably plays no part in the electro-capillary curve. In 
this connection, it was thought to be of interest to publish 
the following observation. 

The electro-capillary curve for mercury in IN-NaNO 
was obtained by using a form of Lippmann capillary-electro- 
meter in which mercury was below and the electrolyte above. 
While the curve at first sight looked like a parabola, on a 
further investigation it was found that the right-hand side 
was displaced inward and that it extended a little below the 
axis of applied potential. This showed that the surface ten- 
sion of the mercury had fallen slightly below the initial value, 
ie., when the applied potential was zero. Also, while clean- 
ing the apparatus, it was noticed that a small quantity of 
mercury at the meniscus adhered to the glass-capillary and 
yielded a pink tinge with a drop of phenolphthalein. This 


I Z. f. Fby. Chem., 164 , 421 (1981). 
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indicates that a slight quantity of amalgam had formed at the 
meniscus of the mercury. 



The curve obtained in IN-NaNO, was quite similar to 
that obtained by Kriiger and Krumreich * in IN-KNO , with 
the usual Lippmann arrangement. These authors have shown 
in the same paper that a necessary consequence of the Lipp- 
mann-Helmholtz theory is that the curve shall be a parabola. 
Together with later workers {cf. Ereundlich, Colloid and Capil- 


« Z. f. Eleotro-Chem., 19, 617 0918). 
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lary Chemistry, trans. Hatfield (1926), p. 290), they assumed 
that in capillary inactive electrolytes, conditions are much as 
required by the Lippmann-Helraholtz theory. The double 
layer behaves like a condenser ; at the maximum of the electro- 
capillary curve we have zero charge, the mercury has a 
positive charge on the ascending limb of the curve and a 
negative one on the descending limb. 

When it is remembered that both KNO 3 , and NaNOs are 
capillary inactive electrolytes, it is surprising why they 
should not yield an exact parabola, but a curve of the type 
described above. 

While the theories offered by Nernst, ® Gouy * and 
Frumkin ® take into account the adsorption of ions and neutral 
molecules at the interface, they do not consider electrolysis, 
which according to the general principles of electro-chemistry 
must start as soon as the contact potential is overcome, and 
must, therefore, manifest itself on the descending part of 
the curve. 

The result of electrolysis must be the formation of an 
amalgam which was noticed repeatedly in these experiments. 
Since sodium and potassium both reduce the surface tension of 
mercury the descending branch should be displaced inwards 
as is observed in the author’s curves in NaNO, (Pig. 1 ) and 
Kruger and Krumreiches’ in KNO,. 

The curve a in Pig, 1 is plotted from the directly ob- 
served values of {h-h^) while the curve h is plotted by an 
extrapolation of the observed values of (/i-/?o) lying only on the 
ascending part of a. The so-called theoretical curve given 
by Kruger and Krumreich was calculated by them by 
using the method of least sqaures and taking into account all 
the observed values of (h-ho) and thus it was only a smoothened 
form of the observed curve. 

* Z. t. Elektrochem., 4, 29 (1897). 

* Amr. Chim. Pbys., 8 294 (1908). 

» .Z.f.Phy*., 86, 702 (1996). 
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The equation they derived from the Lippmann-Helmholtz 
theory was parabolic and the same equation has been used in 
calculating the curve h of Fig. 1 in this paper. 

Again it will be seen from Fig. 1 that the displacement of 
the observed curve does not begin exactly at the maximum as 
it should if electrolysis was the only additional factor to be 
considered. It begins earlier and this is to be referred to the 
slight change the capacity of the condenser undergoes owing 
to the change of the adsorptive power of the mercury surface 
by the applied potential. 

Thus it will be seen that the original Lippmann-Helm- 
holtz theory does not furnish a complete explanation of the 
behaviour of capillary-inactive electrolytes like KNO* and 
NaNO,. The effect of electrolysis which begins as soon as 
the contact potential is overcome must be considered. The 
resulting amalgamation shifts inward the descending limb of 
the electro-capillary curve. 

The author takes this opportunity to thank Prof. G. E-. 
Paranjpe of this Institute for providing facilities for work in 
his Laboratory and to Dr. T. S. Wheeler, Principal of this 
Institute, for the interest he showed during the progress of 
the work. 


Fhisicb Labokatorx, 
Botai, Ikstitctb of Soibnci, 
Boubax, 
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A Bibliography of the Raman Effect. 1930-32 

By 

S. C. SlIKAR. 

Plan of the Bibliography. 

The plan adopted in the classification of the various papers 
under different subject headings is the same as the one given 
in the earlier bibliography (Ind. Jour. Phys., 5, 257, 1931). 
The bibliography includes papers published from the beginning 
of July, 1930 to the end of August, 1932. 

There is an author index ; against each author are given 
the letters of the alphabet indicating the sections in which his 
name appears. 

An index of all the substances studied is also given. The 
inorganic substances are arranged alphabetically and the 
organic ones are arranged according to the plan adopted in the 
International Critical Tables. 

It is hoped to publish a critical compilation of the Raman 
frequencies of all the substances investigated so far in a 
separate article. 
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SPECIAL MONOGRAPHS 


1. Bhaqavantam, S 

2. Kohlrausoh, K. 

W. F. 

3. Osborne, D. 

4. Kaman, C. V. 


A 

Special Monogpaphs, 

. The Raman EfiEect. Its significance for 
physics and chemistry. Ind. J. Phys., 
8, ^^37 (1930) : 

Relation to earlier work. Nature of the 
effect. Its significance to spectroscopy. 
Raman effect and the structure of 
molecules. Raman effect and crystal 
physics. Raman effect and physical 
chemistry. Raman effect and the 
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Carbon dioxide, H 3, 9, 10 ; 1 11. 

„ „ (liq.), M 3. 

Cerussite, L 19. 

Chalk, L 17, 18. 

Chlorine (liq.), T 20. 

Copper ammonium chloride (sol.), T 26, 3?! 
,, ,, sulphate (sol.), T 26, 38. 

„ sulphate, L 13; N 8; U 2. 

„ (sol). L 13. 

Cyanogen, H 6. 


D 


Danburito, L 14. 
Diamond, L 1, 2. 


F 

Ferrous ammonium sulphate, L 13. 
„ sulphate, L 7, 18 ; U 2. 

„ „ (sol.),L18;U2. 

Fluorite,! 16, 18,21;Q8. 


0 

01ase,Fl;N8. 

Qypeim, G 84, 65; ! 18, 19;.N 6, 8. 
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H 


Helium (liq.), H 18. 

Hexunine cobaltous chloride (8ol.)> S 1. 

„ cobaltic chloride (sol.), S 1. 
Hydrazine, T 87, 64. 

„ hydrate, T 87, 64. 
Hydrochloric acid, N 27; 0 1. 
Hydrochlorostannlc acid, T 52. 
Hydrofluoric acid, N 27. 

Hydrogen, F 8, 4; G 6; H 8, 6. 
Hydrogen bromide, 1 24, 26. 


Mercuric cyanide, L9. 

„ _ ,. (sol), N 8, 24, 27, 

„ iodide (sol.), N 8. 
Metachloroantimonio acid, T 62. 
Monoohloroheiamine cobaltous chloride 
(sol.), B 1. 

Monoohloro sulphuric acid, E 26. 

Nickel ammonium cUoride (sol.), T 26. 

,, sulphate, L 7, 13. 

,, ,, (sol.), L 18. 


„ „ (liq.), 1 26. 

„ chloride, 1 25. 

(liq.), 1 26. 

„ cyanide (liq.), E 4; T 16, 16, 17. 

,, Mide, 1 24, 26. 

., peroxide, T 66. 

,, sulphide, H 8 ; M 1. 

„ „ (liq.), M 1; E 18. 


N 

Nitric acid, E 2; L 19; N 6, 18, 25, 27- 
T 21, 22. 

,, oxide, H 14, 16. 

Nitrogen, H 8; 1 11; Q 2. 

„ peroxide (solid), M 9. 

Nitrous oxide, H 3; 1 4, 11, 21. 

,, „ (liq.),M8. 


I 

Ice, L 17, 18. 

Iodic acid, L8. 

„ „ (sol.), N 27. 


0 

Oxygen, H 3, 17; 1 11; Q 2. 


L 


P 


Lead acetate, L 11. 

„ „ (sol.), L 11. 

Lithium potassium sulphate, L 19, 
„ sulphate, L 13. 

.. (sol.), N 6. 


H 


Magnesite, L 19. 

.Magnesium chlorate (sol), N 21. 

„ chloride (sol.), N 21. 

„ nitrate (sol.), N 21. 

,, sulphate, L 18; N 6, 8; U 2. 

Manganese sulphate, L 18 ; U 2. 

„ „ (sol.), L 18 ; N 6. 

Mercuric ammonium chloride, L 10. 

„ „ „ (sol.), L 10. 

„ bromide, L 10. 

„ „ (sol.), N 2. 

,. clil(n‘ide. L 10, 

„ „ (sol.),' L 10; N 2, 24, 27. 


Perchloric acid (sol.), T 49. 

Phenacite, L 14. 

Phosphoric acid, T 32. 

Phosphorus oxychloride, E 16; T 48, 64. 
,, tribromide, T 60. 

,, trichloride, G 14; T 48, 60, 64. 

Potassium bromate, L 8. 

„ cadmium chloride (sol.), N 3. 

,, ,, cyanide (sol.), T 26. 

„ „ iodide (sol.), N 3. 

„ carbonate (sol.), N 6. 

„ chlorate, L 8. 

,, chromium cyanide (sol), T 26. 

,, cobalt „ (sol.), T 26. 

„ copper „ (sol), N 3; 

T26. 


n 

n 

If 

y> 

ff 


aide (sol.), N 24, 27; T 15. 
ocyanide. L 9. 

„ (sol.), T 26. 

rogen sulphate (sol.), N27. 
rcndde (sol.), N 15, 27; 

'49. 
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PotaB»iumiod8te,L 8. 

zsisrouno broinids (sol*)) N 8* 

II „ chloride (sol.), N 8. 
„ cyanide (sol), N 8. 

„ iodide (sol.), N 3. ; 

,1 nitrite (sol), T , 

„ perchlorate (sol.), T 49. ) 

„ periodate, L 8. f; 

silver cyanide (sol.), L 9; If 3. 
„ „ iodide (sol.), N 3. J 

„ sulphate, L 13; N 6. t 

„ thiocyanate, L 9. ■ 

„ zinc cyanide (sol.), T 26. 


Q 

Quartz, F 9; L 17j 18; Q 4,a 


R 

Eock salt, L 16; Q 8. 
Rubidium sulphate, L 13, 


S 

Silico chloroform, B 37; T 12. 

Silicon tetrabromide, T 60. 

,, tetrachloride, G8, 11; T .59, 60. 

Silver ammonium chloride (sol.), T 26. 

Sodium acetate (sol.), T 31. 
arsenate (sol.), T 32. 
arsenite (sol), T 32. 
benzoate (sol.), T 31, 
bromate, L 8, 19. 
carbonate (sol.), K 6. 
chlorate, L 8, 19. 
oitraconate (sol.), T 58. 
cyanide, L 9. 
formate (sol), T 81. 
fumarate (sol), T 68, 
hydrogen phosphite (sol), T 32. 

„ sulphide (sol), T 32. 

,. sulphite (sol.), T 32 

hydroxide, L 9. 

„ (sol), N 16, 26, 27; 

T49. 

hypophosphite (sol), T 82. 
maleate(8ol.),T68. 
mhionate (sol.), T 81. 


Sodium mesaconate (sol), T 68. 
metaborate (sol), T 32. 
metaphosphate (sol), T 82. 
metavanadate (sol), T 32. 
monochloroacetate (sol), T 81. 
nitrate, G 34, 86; L 6, 19. 

„ (sol), N 23, 27. 
nitrito (sol), T 22, 32. 
orthovanadate (sol), T 32. 
perchlorate, L 8. 

„ (sol), T 49. 
persulphate (sol), T 32. 
phosphite (sol), T 32. 
sulphate, L 13. 
trichloroacetate (sol), T 31. 
tungstate, L 8. 

„ (sol), T 32. 

Strontium sulphate, L 13. 

Sulphur, L 7, 10; R 25. 

,, chloride, R 25; T 48, 64. 

,, dioxide, H 3; E 4. 

„ „ (liq.),E13,26;T48. 

Sulphuric acid, E 2; N 1, 20, 22, 26, 27. 

Sulphurous acid, T 48. 

Sulphur trioxide, G 2. 

Sulphuryl chloride, E 16; E 25; T 48. 

T 

Thionyl chloride, R 26; T 48, 64. 

Tin tetrabromide (melt.), T 59. 

Tin tetrachloride, E 16; G 8, 11; T 59. 

Titanium tetrachloride, G 8, 11; T 69. 

Topaz, L 14. 

Tourmaline, L 14. 

n 

Water, D 8; E 4, 16, 22; G32, 36; N 4, 
17; PI, 7, 8, 13; Q 6, 7;T81. 

Water (vap.), H 6; M 7. 

Z 

Zinc acetate, L 11. 

,, ammonium chloride (sol), T 26. 

„ „ sulphate (sol), T 26, 88. 

,, sulphate, L 18; U 2, 

„ „ (sol), N 6. 

Zircon, L U., 
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Organic 


OBr. 

Carbon tetrabromide (sol.) 

E 16; T 20. 

CCl.F, 

Diohlorodifluoro methane 

T12. 

CCI.O 

Phosgene (liq.) 

T20. 

CCl* 

Carbon tetrachloride 

E 16, 17; P 6, 8. 14, 16, 
17; G, 2, 8,8,11,16,17, 
18, 25; T 59. 

COS 

Carbonyl sulphide (liq.) 

B18. 

CS, 

Carbon disulphide 

E 17; G 8, 9, 28; I 2, 7, 
14; E 4, 25; T 67. 


„ (mixt.) 

-T 67. 

CHBrCl, 

Dichlorobromomethane 

T8. 

CHBrs 

Bromoform 

T 18. 

CHC1,F 

Diohloro fluoromethane 

T12. 

OHClg 

Chloroform 

G16, 17, 18; R11;T 18. 

CHjBfg 

Methylene bromide 

T 18, 20. 

CHaCla 

Methylene chloride 

F8. 

CHalg 

Methylene iodide 

T 18. 

CHgO 

Formaldehyde (sol.) 

Lll. 

CHgOg 

Formic acid 

0 8. 

OHgBr 

Methyl bromide (liq.) 

E11:T1. 

CHgCl 

Methyl chloride (liq.) 

T 1, 66. 

CHgF 

Methyl fluoride (liq.) 

Tl. 

CHjI 

Methyl iodide 

R11;T1, 20 

CHgMg Br 

Methyl magnesium bromide 

Ell. 

CHgMgl 

Methyl magnesium iodide 

Ell,. 

CH3NO 

Formamide 

T 19. 

CHsNO, 

Methyl nitrite (liq.) 

T 22, 

CHjNOg 

Methyl nitrate 

S6;T22. 

CH* 

Methane 

R6,6. 

CH4N80 

Urea 

L 11. 

■ i» (soli^ 

til. 

CH^KgOg 

Methyl nitramlne (k^.) 

T 19, 
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05*0 

Methyl alcohol 

F 11; G 17; N 14; T 81, 




67. 


„ (mhrt.) 

E 21; 0 2 . 

OHjClNaO 

Urea hydrochloride (sol.) 

N 13. 

CjCU 

Tetracbloro »thylene 

T 46, 67. 

CaClfl 

Hexaohloroi 

jbthane 

Lll. 

CgHClsO 

Chloral 1 


T 19, 57. 

GgSClaOa 

Trichloro acetic acid (sol) 

N27;T31 

CaHClfl 

Pentaohlor<| ethane 

T 60. 67 

CgHa 

Acetylene J 

r 

H3, 6;I11;QB;T63. 

CaHgBra 

1, 2-Acetyline dibromide 

E 7; T 23. 



(cis.) 

E14. 


if 

M 

(trans.) 

E14. 

CgHaBr* 

1 , 1 , 2 , 2 -'lletrabromo ethane 

Ell. 

CaHgCla 

1 , 2 * Acetylene dichloride (cis] 

1 T 2 , 50. 


> 1 

,, (trans.) T 2, 60, 

CaHaClaO 

Chloroacetyl chloride 

T19. 

CaHjClaOg 

Dichloro acetic acid 

N 27; T 46, 66 . 

CgHjCl^: 

1 , 1 , 2 , 2-Tetrachloro ethane 

E17;F8;E11;T57. 

C2Ha04 

Oxalic acid 


L 11 . 

CaHsBr 

Vinyl bromide (liq.) 

TIO. 

C 2 H 3 CI 

Vinyl chloride (liq.) 

T 10, 60, 66 . 

CaHgClO 

Acetyl chloride 

T 66 . 

O.HgClO, 

Monochloroacetic acid (sol.) 

T31. 

C 2 H 3 N 

Acetonitrile 


T16. 

C.H 3 N 

Methyl isocyanide 

T16. 

0 ,H4 

Ethylene (liq.) 

TIO. 

0 ,H4Br, 

Ethylene bromide 

Ell. 

C,H4Br, 

Ethylidene bromide 

Ell. 

0 ,H 40 l 4 

Ethylene chloride 

E11;T50, 

C.H 4 CI 4 

Ethylidene chloride 

E11;T50. 

0,H4N4 

Dicyan diamide (sol.) 

T19. 

C.H 4 O 4 ' 

Acetic acid 


F 8 ; 1 19;N14;T81, 67. 


„ (mixt.) 

P 9; T 67. 

CaHsBr 

Ethyl bromide 

Ell. 

C.H»C 1 

Ethyl chloride (liq.) 

E 11; T 20, 66 . 

0*H«I 

Ethyl iodide 


E 11 ;T 20 . 

O.S,NO. 

Ethyl nitrite (liq.) 

T 22 . 

CtHsNOg 

Nitro ethane 


T 22 . 

0,H8N0, 

Ethyl nitrate 


T 22 . ' 
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O.He 

O.HflO 

C.HeO 

^•Hg03S 

C.HeS 

C.HeS, 

C.HjN 

C.HgN. 

C3H3NO8 

C3H4 

C3H4O 

C3H4O2 

C3H4O4 

CsHsBr 

C3H5CI 

C3H5CI 

C3HJCI 

CsHoCl 

CsHsClOa 

C3H5N 

C3H5N 

C3H5NS 

C3H5NS 

C3H3 

C3H6 

C3HgBr9 

CsHgClg 

C3H3CI2 

CsHoCla 

CgHgO 

CsHeO 

CgHgOa 

CaHjBr 

CgHyBr 

CsHyCl 

OjHtCI 

GgEEyl 


Ethane 
Ethyl alcohol 
Methyl ether (liq.) 
Glycol 

Dimethyl sulphite 
Dimethyl sulphide 
Methyl disulphide 
Dimethyl amine (liq.) 
Ethylene diamine 
Cyanoacetio acid (sol.) 
Allene (liq.) 

Acrolein 
Acrylic acid 
Malonic acid (sol.) 
Allyl bromide 
Allyl chloride 
1 — Chloropropylene 

2 — Chloropropylene 

3 — Chloropropylene 
Ethyl chloroformate 
Propionitrile 

Ethyl isocyanide 
Ethyl thiocyanate 
Ethyl iso*thiocyanate 
Cyclopropane (liq.) 
Propylene (liq.) 

1 , 8 — Dibromopropane 
1< 1 — Dichloropropane 

1.2 — ^Dichloropropane 
1 > 3 “Dichloropropane 

2. 2 — Dichloropropane 
Allyl alcohol 
Acetone 

’> (mizt.) 

Ethyl formate 
»— Propylbromide 
Isopropyl bromide 
n— Propyl chloride 
Isopropyl chloride 
n— Prenyl iodide 


JR 6. 

D 8; G 17; 1 27; T 
T19, 

T 46, 67, 67. 

B2i6. 

E26; T63. 

T63. 

T 18. 

T19. 

Tie. 

S3. 

TIO. 

T 10. 

T 81. 

S 7; T 10. 

T 10. 

T60. 

T60. 

T60. 

T 19. 

T18. 

Tie. 

Tie. 

Tie. 

T13. 

TIO. 

T20. 

Teo. 

Teo. 

Teo. 

Teo. 

T 10. 

I 27; T 67. 

T67. 

T81. 

S7. 

S7;T26. 

T eo, 66. 

T 26, 60, 66. 

T20- 
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CsHfl 

O3H7NO2 

O8H7NO3 

OsHg 

OgHsO 

OsHsOg 

CgHgO, 

CaHgS 

CaHgS 

CsHgN 

C3H9N 

03H9N 

C4H5CIO2 

O4H5CIO2 

C4H5NS 

O4H8 

C 4 He 02 

O4HCO2 

C4HCO3 

C4H7CIO2 

C4H,N 

C4H8 

C4H8 

O4H8O 

O4H8O 

C4H8O2 

C4H8O2 

O4H8O2 

C 4 H 9 Br 

C 4 H 9 Br 

04 H 9 Br 

G 4 H 9 Br 

O4H9OI 

O4H9CI 

O4H9I 

O4H9I 

04H9lI0a 

O4S9NO. 


Isopropyl iodide 
Propyl nitrite 
Nitropropane 
Propyl nitrate 
Propane (liq.) 

Isopropyl alcc|»ol 
1,2 — Propylei^ glycol 
Glycerol ' 

Methyl ethylWlphide 
Isopropyl mafcaptan 
71 — 'Propyl attinG 
Isopropyl anddne 
Trimethyl amino (liq.) 
Ethylene cyanide (melt.) 
j8— Chlorocrotonic acid (sol.) 
/3— Ohloro iscrotonic acid (sol.) 
Allyl isothiocyanatc 
Butadiene (liq.) 

Crotonic acid (melt, and sol.) 
Isoorotonic acid (sol.) 

Acetic anhydride 
Ethyl chloroaoetate 
n— Butyronitrile 

Ethyl ethylene (liq-) 
Methyl cyclopropane (liq.) 

1— Methyl allyl alcohol 

n — Butyraldehyde 

Dioxane 
Ethyl acetate 
Methyl propionate 
n — ^Butyl bromide 
Isobutyl bromide 
gee.— Butyl bromide 
fert. -Butyl bromide 
»— Butyl chloride 
iert.— Butylohloride 
n — Butyl iodide 
fert.— Butyl iodide 
n — ^Butyl nitrite 
Nitrobutane 


T25. 

T22, 

T 22., 

T22. 

E 5. 

T 25. 

T 46.- 

T> 12; E 2; T 67. 
E26.; 

T 25. 

T 19. 

T25, 

T 19. 

T 16. 

T 23. 

T23. 

T66. 

T 17. 

T 23. 

T23. 

T 56,. 

T 46. 

T 16. 

T 10. 

T13, 42. 

T 10. 

T 46. 

P 16. 

T 17, 81. 
T86. 

S7. 

S 7. 

S 7. 

8 7; T 26. 
T20* 

T25. 

T20. 

T25. 

T22, 

T22,. 


17 
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n— Butyl nitrate 

T 22 . 

C4H,o 

Butane (liq.) 

B 6 . 

04H,o 

Isobutane (liq.) 


C 4 H 10 O 

Ether 

Ql. 


n — Butyl alcohol 

T47. 

C^HioO 

tort . — Butyl alcohol 

T 25, 47. 

CiHioB 

Diethyl sulphide 

E25;T 65, 63. 

0 ,H,oS 03 

Diethyl sulphite 

R26; T48. 

C 4 HT 0 S 8 

Ethyl disulphide 

T63. 

C^H„N 

Diethyl amine 

T19. 

CjHiOa 

Furfural 

T48. 

CsHsN 

Pyridine 

1 19; N 14; R 11; T 67. 


„ (mist.) 

T67. 

CjHg 

Cyclo pentene 

0 40. 

CsHg 

Dimethyl allene (unsym.) 

S 8 . 

CsHg 

Isoprene 

T17. 

CsHg 

Piperylene 

T17. 

CsHgO 

Dimethyl propargyl alcohol 

Til. 

CgHgOj 

Methyl orotonate 

T28, 

CsHgOg 

Methyl iso-crotonate 

T28. 

CjHgN 

n-Valeryl nitrile 

T 16. 

OgHeNS 

Isobutyl isotbiocyanate 

T16. 

C 5 H 10 

Cyolopentane 

E 89; T 18. 

C5H10 

Trimethyl ethylene 

P 6 . 

CgHio 

2 — Methyl-S-butene 

R89. 

CsHio 

Propyl ethylene 

T 10 . 

CgHio 

1, 2-Dim6thyl cyclopropane 

T42. 

^s^xo^a 

n-Butyl formate 

T48. 

CjHiiBr 

»-Amyl bromide 

8 7. 

CsHjiBr 

Iso amyl bromide 

8 7. 

CjH^jBr 

ferf.-Amyl bromide 

T26. 

OsHjiCl 

fert.-Amyl chloride 

T 26, 46. 

CjHuN 

Piperidine 

127. 

O 5 H 11 NO 3 

Nitropentane 

T22. 

OsHnNO, 

Isoamyl nitrite 

T22. 

CgHnNOg 

Amyl nitrate 

T66. 

Cgfiia 

Pentaner 

05;E89. 

OsHjaO 

n-Amyl alcohol 

T47. 

OsHisO 

IsO'Mnyl alcohol 

G17;T47. 

OaSiaO 

d'Amyl alcohol 

T47. 
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CsHiaO 

tec.'Amyl alcohol 

T47. 

C5H1 gO 

tert.-Amyl alcohol 

T 25, 47. 

CgHigO 

Diethyl carbinol 

T47. 

OgHgCls 

1, 2, 4-trichl$robeixzeQe 

T46. 

CgHjBrNOg 

o-Bromo nitwbenzene (melt.) 

R35. 

OeHjBrNOg 

m-Bromonitlobenzene 

R36. 

06H4BrN0g 

p-Bromomt4benzene ,, 

R35. 

CeH^ClNOg 

o-Chloronitr^benzene ,, 

E36. 

CeH^ClNOg 

m-Chloroniliobenzene ,, 

R85. 

CeHiClNOg 

p-Chloronitfcbenzene „ 

R35. 

CeH^Clg 

o-Dichlorobimzene 

T46. 

CeH^Clg 

wi-Diohlorc^enzene 

T45. 

CeH^Olg 

p-Diohlorobenzene (melt.) 

T4'5. 

CeHsBr 

Bromobenaene 

D 16; R 11. 

CcHoCl 

Gblorobeazene 

Ell. 

CeHsClO 

Chlorophenol 

T46. 

CflHyOlOgS 

Benzene sulfonic chloride 

T48. 

CeHsI 

lodo benzene 

T20. 

CeHsNOg 

Nitrobenzene 

F16;G15; Q9. 

CeHg 

Benzene 

D 14, 16; E 13, 17; F 6. 
8, 12, 14, 16, 18. 20, 
21; G 2, 3,5,8,11, 
17, 18, 25; I 20; P 
18; E 3. 11, 30; T 48. 


Benzene (mixt.) 

F 7. 

CflHg03S 

Benzene sulfonic acid (melt.) 

T 48. 

C6H7N 

Aniline 

T 19, 30. 

CgHgO* 

Di-metyl maleate 

T23. 

CgHgO^ 

Di-methyl fumarate (melt, and sol.) T 23. 

CgH.o 

Cyclohexene 

R89;T46, 47. 

CgHjo 

Propyl allene 

S3. 

CeHio 

n-Butyl acetylene 

Til. 

CgHio 

2, 3-Dimethyl butadiene 

T17. 

CgHioO 

Cyclohexanone 

T47„ 

CgHioO* 

Ethyl oxsJate 

T56. 

CeHjoS 

Allyl sulphide 

T66, 63. 

CaH„N 

Isocapronitrile 

T 16. 

OjHig 

Cyclohexane 

F 14, 18; G 6; I 20; B 
89; T 18, 88, 41, 47. 

CgH„ 

l-jSexene 

TIO, 
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OsHi, 

Methyl cyclopentane 

T18. 

CeHis 

Butyl ethylene 

PIO., 

CgHij 

l-Methyl-2-ethyl cyclopropane 

P10;T42. 

CeHisN* 

Hexamine 

L 11. 


M (sol.) 

Lll. 

OsHisO 

Oyclohexanol 

T 46, 47. 

CgHigO^ 

n-Propyl propionate 

T 86 , 46. 

GgHlgOg 

Isopropyl propionate 

T 86 . 

OgHijOj 

w-Butyl acetate 

T46. 

GgHjgOg 

Glucose (sol.) 

T40. 

CoHi^Og 

Galactose (sol.) 

T40. 

CgHigOg 

Fructose (sol.) 

T40. 

C6H13CIN4 

Hexamine hydrochloride (sol.) 

N 13. 

CeHx4 

Hexane 

B21; T38. 


n-Propyl ether 

T 36. 


Isopropyl ether 

T 36. 

CgH„S 

Propyl sulphide 

T 68 . 

CeHisN 

Triethylamine 

T 19. 

C7H5OIO 

Benzoyl chloride 

T56. 

CtHsNO 

Phenyl Jso-cyanate 

T 15. 

C 7 H 5 NO 3 

m -Nitrobenzaldehy dc (sol . ) 

T 22 . 

CxHsNOa 

p-Nitrobenzaldehyde , , 

T 22 . 

C7H5NO4 

o-Nitrobenzoic acid ,, 

T 22 . 

CjHsNO* 

m-N?trobenzoic acid ,1 

T 22 . 

C7H5NO4 

p-Nitrobenzoic acid ,, 

T 22 . 

C7H5NS 

Phenyl iso-thiocyanate 

T16. 

CtHgO 

Benzaldehyde 

E20; T43, 

C7H7CI 

Benzyl chloride 

Ell. 

O7H7CI 

o-ChlorotoIuene 

E 35; T 36. 

C7H7CI 

m-ChlorotoIuene 

E 35; T 86 . 

C7H7CI 

p-Chlorotoluene 

E35; T36. 

C7H7NO2 

Phenyl nitromothane 

T 22 . 

C7H7NO2 

o-Nitrotoluene 

T 22, 86 , 45. 

C7H7NO2 

m-Nitrotoluenc 

T 22, 36, 45. 

C7HTNO3 

p-Nitrotoluene (melt.) 

T 22. 86 , 45. 

C7Hg 

Toluene 

D 16; E 13, 15. 17; G 17, 
18; T 48. 


„ (mixt.) 

F 7 . 

C7H8O88 

Toluene p-sulphooio acid (sol.) 

T48. 

CjHflN 

Methyl aniline 

T80. 
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C7H0N 

C7H9N 

C7H9N 

C7H12 

07H1S 

07Hi«0 

073 x 8 ^ 

C7H120 

07Hf204 

C7H14 

C7H14 

C7H14 

C7H14 

C7H14O 

C7H14O 

07Hx4O 

C7Hi*0 

C7H1409 

OgHsCl 

CsHe 

CbHtN 

08 H 7 N 

CsHjNS 

OsHg 

OsHjo 

ObHio 

CgHio 

CgH.oO 

CgHioO 

CgHioO 

CgSioO 

CgHioO 

CgHiflO 

OgHioO 

OgHioO 

CgHio^ 

CgHiiN 


o-Toluidine 
w-Toluidine 
p-Toluidin© (nselt.) 

Butyl alien© , 
n-Amyl acetylene 

0 - Methyl oycftohexane 
w-Methyl cyflohexane 
p -Methyl cyclohexane 
Ethyl maloiSte (sol.) 

1- Heptene 
Methyl cycl(^exane 
Cycloheptanip 

1-Mcthyl 2-jiropyl cyclopropane 
Heptaldehyde 

0 - Methyl cyclohexanol 
w-Methyl cyclohexanol 
p-Methyl cyclohexanol 
n-Butyl propionate 
Isobutyl propionate 
Heptane 

1- Chloro phenyl acetylene 
Phenyl acetylene 
o-Tolunitrile 

Benzyl nitrile 
p-Tolyl isothiocyanate 
Phenyl ethylene 
o-Xylene 
■m-Xylene 
p-Xylene 

(mixt.) 

1 , 2, 8 — ^Xylenol (melt.) 

1, 3, 4 — Xylenol .. 

1 , 2, 5— Xylenol „ 

1, 2, 4— -Xylenol 

1, 8, 5— Xylenol (melt.) 

1, 2, 6— Xylenol (melt, and sol.) 
o-Cresyl methyl ether 
TO-Oresyl methyl ether 
p-Cresyl methyl ether 
1, 2 , 8— Xylidine 


T 30, 46. 
T45. 

T 45. 

S 3. 

Til. 

T47. 

T47. 

T47. 

T31. 

P 10; T 10. 
T 13, 33, 47. 
T 13. 

T42. 

T43. 

T47. 

T47. 

T47. 

T36. 

T86. 

T14. 

Til. 

T 11. 

T 15. 

T18. 

T15. 

T 10, 41. 

D 16. 

D 16. 

D 16. 

G 18. 

T24, 
T24. 
T24. 
T24. 
T24. 
T24. 
T36. 
T86. 
T86. 
T24 
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CsHjiiN 

1, 8, 4~Xylidine (sol.) 

T24. 

CgHuN 

1, 2, 5 — ^Xylidine 

T24. 

CfiHuN 

1, 2, 4 — ^Xylidine 

T24. 

CeH^iN 

1, 8, 6 — ^Xylidine 

T24. 

CsHtiN 

1, 2, 6— Xylidine 

T 24, 80. 

CeHiiN 

Dimethyl aniline 

T 80. 

^8^12^4 

Diethyl maleate 

T23, 29. 

CaH.^O^ 

Diethyl fumarate 

T28, 29. 


n-Hexyl acetylene 

Til. 

^8^14 

Methyl »-amyl acetylene 

T 11. 

C8Hj402 

Cyclohexyl acetate 

T 47. 

CgHje 

n-Octylene 

T 10. 

^8^1 6 

Cyclooctane 

T18. 

OgHie 

Methyl cycloheptane 

T 13. 

CsHie 

0-Dimethyl cylohexane 

T33. 


m-Dimethyl cyclohexane 

T33. 

CgHie 

p-Dimethyl cyclohexane 

T33. 

^8^16^2 

n-Amyl propionate 

T86. 

C^Hie^a 

Iso-amyl propionate 

T36. 

CgHis 

Octane 

I 20; T 14, 


CgHisO 

Octyl alcohol c-c-c-c-c-c-c-c 

T 14, 47. 

CaHisO 

0 

1 

,, c-c-c-c c-c-c-c 

T 14, 47. 


0 

1 


CgHi 8^ 

1 

,, c-o-o-c-c-c-c-c 

T 14. 


0 

1 


CgHjgO 

1 

,, c-c-c-c-c-c-c-c 

T 14. 


0 

1 

,, 0-C-O-O-C-C-C 

T 14. 




0 

o-o-o-o-o-c-o T 14. 

1 

o 
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CgHjgO 


CjHisO 


CgH|gO 


CgHigO 


^bHisO 


CgH.gO 


OgHigO 


CgHigO 


C.Hi,0 


I 

c-c-c-oo-c-c 

I 

0 


T14. 


J I 

)'■ c-c-c-c-c.c-o 

jj I 


T14. 


>• 


o-e-o-C"C-c-c 

I 

c 


T14. 


c-c-c-o-c-c-c 

I 

c 

0 

I 

C-C-C-C-C-C-0 

I 

c 


T14. 


T14. 


c-c-c-c-c-c-c 

I 

c 

0 

1 

O-C-O-O.C-0-0 

I 

c 


T14. 


T14. 


C-C-C-O-O-C-O 

I 

0 


T14. 


I 

0-C-O-O-O-C.O 

I 

0 


T14. 
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If 


0 

1 

>1 c-c-c-c-c-o-c 

1 

c 

T14. 

CgHjgO 

0 

1 

1 1 C-C-C-C‘C-C-C 

1 

c 

T 14.. 

CgHigO 

0 

1 

i> C-C-C* 0 “C-C*C 

1 

c 

T14. 

CgHjgO 

0 

1 

• ) c-c-c-c-c-c-c 

1 

c 

T 14. 

CgHjgO 

0 

1 

II c-c*c-c.c-c 

1 

T 14. 


1 

c-c 


OgHigS 

n-Butyl sulphide 

T63. 

CgHigS 

Isobutyl sulphide 

T03. 

OgHjN 

.Quinoline 

T 6 . 

CgHg 

Methyl phenylacetyleue 

T 11. 

CgHg 

Phenyl allylene 

T 11 ., 

CgHgBr 

2-Bromo-2>benzyl ethylene 

T41. 

CgHgClOj 

Benzyl chloroscetate 

T46. 

CgHjo 

Benzyl ethylene 

T 10, 41. 

CgHjo 

Isoallyl benzene 

T41. 

OgHjo 

Phenyl trimethylene 

T 41.42. 

OgHioOj 

Ethyl benzoate 

T81. 

GgHfoOg 

Benzyl acetate 

T46. 

CgHuO 

Methyl octionate 

Til. 

CgHieOg 

Cyolohezjrl propionate 

T47. 

C 9 H 18 

Heptylethylene 

TIO. 

OoHie 

2-Methyl*l-ootene 

T84. 

OgHig 

2 -]^thyl* 2 *ootene 

T84. 

O9H1, 

Me^I oydoootane 

T18. 
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C)oH7Br 

2-BromonaphthaIeQe 

T20. 

^10^10 

1, 4-Dihydronaphthalene (melt.) 

T 9. 

0^1 0^2 

Safrol 

T46. 

CioHjg 

1,2,8, 4-Tetrahydronaphthalene 

T 5. 


p-Cymene 

T46, 

CioHuO 

Carvone 

T 7. 

CioHioN 

Diefchylaniline 

T80. 

^loHie 

Oarene 

T 47. 

^lO^lG 

Thujene 

T 47. 

CioHio 

d-Pinene 

H 4 ; E 19 ; T 4 , 47, 

CiqHig 

I-Pineno 

H 4 ; R 19 ; T4, 47. 

Cio^io 

Limonene 

T 4, 41. 

CioHii 

Sabinene 

T 4. 47. 

^10^10^ 

Pulegon 

T7. 

qO 

Carvenone 

T 7. 

OioHieO 

Tfaujone 

T 7. 


Fenchonc 

T 7 

^10^10^ 

Citral 

T 7. 

CioHiy 

Menthene 

T4, 41. 

^ioHi8 

Pinane 

T4. 

CioHis 

Sabinanc 

T4. 

^1()Hi8 

DecaLydronaphlhalene 

T 6. 

^10^18^ 

Menthol) 0 

T 7. 

CioHisO 

Terpineol 

T7. 

CioHisO 

Eucaliptol 

T 7. 

OiuHisO 

Citroncllal 

T7. 

CioHihO 

Linalol 

T 7. 

^10^1 8® 

Geraniol 

T7. 

^luil20 

Menthane 

T4. 


3-Methyl-3'nonene 

T 34 

^10^20 

2-EthyM-octeDe 

T34. 

^10^20 

3-Methyl*2-nonene 

T 34. 

^10^20® 

Citronellol 

T 7, 34. 

Clo®^2oO 

Bhodinol 

T34. 


n-Amyl ether 

T36. 

^10^22® 

Isoamyl ether 

T 36. 

CijH^NO 

2-Naphthyl isocyanate 

T 15. 

Oi|Hio 

3-Phenyl aeoetylene propylene 

TIO. 

C 12 H 10 

Diphenyl (melt.) 

D 16; P18. 

CjgHioO 

Phenyl ether 

D 18; T 19. 


18 
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Diphenyl disulphide 

D 16. 


Diphenyl amine 

T 19. 

Ci8Hb20ii 

Saccharose (eol.) 

T 40. 61, 

C 12^84^18 

Malfcose ,, 

T40. 

CjsHjoClN 

p-Chlorobenzylidene aniline 

(sol.) 

T8. 

CjsHioClN 

Benzalohloraniline (sol.) 

T 8. 

C,3H»iN 

Benzylidene aniline >, 

T8. 

^IsHib 

Diphenyl methane 

R 14. 

Cj 3 H 20 O 

lonone 

T 28. 

^14^10 

Tolane (melt.) 

R 14. 

C,4H,8 

cia-Stilbene 

R 14. 

^14^18 

<r»n»-Stilbene 

R 14. 

O14H13NO 

Benzoyl p-toluidine (sol.) 

T 8. 

C,4Hi4 

Dibenzyl (melt.) 

R 14. 

C,5Hi4 

1.2-Diphenyl cyclopropane 

T 42. 

CisHsbOjc 

Bafhnose (sol.) 

T 40. 

C'so^at 

o-Carotin , , 

T28. 

^80^28 

iS-Carotin ,, 

T 28. 

C4oH^5«02 

Xanthophyll ,, 

T 28. 


Ly copin 

T 28. 


Poly-sty rol 

R aft. 
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Magnetic Birefringence in Liquid Mixtures 

By 

8. W. Ohinchalkab. 

'r 

I 

(Received for pi^lication, 10th October, 1932.) 

ABSTEACT. 

The magnetic birefringence in liquid mixtures is known to show large 
deviations from theoretically expected values, and no explanation of these 
variations has so far been given. In order to investigate into this 
problem, magnetic birefringence in twenty-one binary liquid mixtures has 
been studied. The double refraction was estimated by measuring the 
shift of the dark band in Eayleigh’s bent glass plate compensator. The 
results (Tables and curves 1 to 21) which are consistent with those of the 
previous workers, have the following chief features:— Curves for aniline, 
benzene, and toluene are concave towards the axis of concentration (in 
partial volumes), those for ethyl benzene, bromo-benzene and chloro- 
benzene are nearly straight, while those for (>'82 and nitrobenzene are 
convex, the gradual variation in the curvatures following the above order 
of the liquids; the different liquids mixed with the above ones change the 
curvatures slightly, keeping the essential features the same; there is an 
asymmetry in the curves for aniline. The curves to be expected on 
Langevin’s theory are also drawn. 

The experimental curves are correlated with the existing data 
on ( 1 ) temperature variation of magnetic birefringence, ( 2 ) temperature 
variation of molecular optical anisotropy and (3) optical anisotropy in the 
vapour and liquid states. From the striking correspondence between 
these different data, it is suggested that the variation in the effective 
optical anisotropy of the molecules with dilution is at least one, 
and probably the main, cause of the deviations observed in the 
birefringence in mixtures. The physical interpretation of the variations is 
disouiMied. 
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1. Introduction. 

Magnetic birefringence in mixtures of organic liquids 
has been studied by Cotton and Mouton ^ and by Szivessy and 
Eichartz.’ The substances used by them were two nitro* 
compounds (nitro-benzeud and nitro*toluene) and two halogen 
compounds (a-chloro-naphthalene and a-bromo-naphthalene), 
these being mixed with different organic liquids, both ali- 
phatic and aromatic. These authors found that in almost 
all the cases the experimental values differed much from 
those to be expected on theoretical grounds, and no explana- 
tion or correlation of these departures has so far been put 
forward. The present investigation was undertaken as an 
attempt to try to understand the cause of these variations 
and to see if any light could be thrown on them by extending 
the available information with further experiments and by 
trying to correlate the observed variations with other existing 
data about these substances. 

2. The Law of Mixtures on Langevin's Theory. 

The Gotton-Mouton constant C of magnetic birefringence 
is defined by 



where n^, and n, are the refractive indices of the liquid for 
light vibrations parallel and perpendicular to the applied 
magnetic field, X the wave length of light used and H the 
strength of the magnetic field. Langevin^s theory of magnetic 
birefringence assumes a magnetic as well as an optical anisotropy 
for the molecules of the liquid exhibiting the birefringence. 

> Cotton rad Monton, O.B., 268, 1466 (1918) } Ann. Ohlm. Pby*., 80 , 821 0918). 

* Ssheivj and Biobartc, Ann. dw Fbyo., 88, 8( 
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Due to the magnetic anisotropy, the molecules tend to orientate 
themselTes when placed in an external magnetic field, thermal 
agitations opposing, and this tendency to orientate makes the 
liquid doubly refracting to a small extent due to the optical 
anisotropy of the molecules. In calculating ^ an expression 
for C on this theory, the number of molecules per unit volume 
which will orientate with their axes having a definite inclina- 
tion to the external ms^netic field is calculated according to 
the Mazwell-Boltzmanb expression, and thence the double 
refraction in the medium due to this orientation. The effect 
is then averaged ovel all the molecules. In the case of 
mixtures of liquids * the same treatment is given to the mole- 
cules of each kind separately, and the average optical 
moments contributed by a molecule of each kind per unit 
field of the incident light wave when the light vibrations are 
parallel and perpendicular to the magnetic field applied, are 
calculated. Let these be and M', for the molecules of 

kind 1, M."pt M"„ for kind 2 and so on. If vi, are the 

numbers of molecules of 1st, 2nd... kind per unit volume of 
the mixture, the moments P, and P, per unit volume of the 
mixture are 

N jM'p + + (ii) 

P.«viM'.+vgM", + +...=-^^ NjM', + 3. N2M", + +. (iii) 

where Nj, N„... are the number of molecules per unit 
volume in pure liquids. According to the Lorentz formula 

* Debye, Hendbnch der Rediologie, Bd. VI, p. 769. 

* Bfflgholm— A«hi 7 . f. Met. Astr. and Eye., Bd. 12. No. 3 (1917). 

SfiTOiey-Zelt. f. Phye., 7, 986 (1921). 

Bergholm hae tbe relation for the electrical double refraction. The 

of permanent electric moments was not taken note of when he gave tbe formula and 
tile nrahs are talid for the magnetic caae also. 
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we hare the relations 


;i7|:ir2=l»>'NiM'p ; eto. 

(»▼) 

a a 

; etc. 

where n’s represent the refractive indices. Subtracting (iii) 
from (ii) and using eqns. (iv), and remembering that n^’s and 
the corresponding n,’s are nearly equal, we get 


(n'p-n'Jn, ^ vg in"p-n",)n^ , . 

(n2+2)» Ni (ni2 + 2)8 (na2 + 2)« 


where n, nj,... represent the mean refractive indices. If mi, 
nij, etc., are the number of grams of liquids 1, 2,. ..per c.c. of 
the mixture, and if dj, d 2 ...are their densities, the partial 

volumes Vi liquids in the mix- 

ture are equal to Vi/Nj, va/N 2 ...occurring in (v). From this 
and using (i), (v) reduces to 


c— 2— 

(n* + 2)2 


> CiVi 


”1 

(nf +2)8 




(vi) 


where G is the Gotton-Mouton constant of the mixture, and 
Cl Gj are those of the liquids 1, 2, For binary mix- 

tures, with one component of the mixture having a negligible 
magnetic birefringence (Gj^O), the above reduces to 


0=Civ, 


(ni*+2)a • 


(n» + 2)8 
n 


(vii) 


8. The Compensator. 

in his previous investigations on magnetic birefringence, 
the author had used the stained glass half-shade compensator 


( Ind. Jour. Pb;*.. Vol. VI, pp. 165 wd 581; Vol. VII, p. 817. 
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for the measurement of the double refraction. Since in 
the present case, the birefringence to be measured was not so 
small as in the previous cases, a more quick and handy 
method was resorted to. The bent glass plate described by 
Lord Bayleigh ® was here used to measure the double refrac- 
tion. Ordinary glass under pressure (or tension) is known to 
behave like a negetive (positive) uniaxial crystal with the 
axis along the direction of pressure (tension) and the birefrin- 
gence can be taken to he proportional to the pressure (or 
tension). In a long thin glass plate bent in its own plane, 
the different layers aboye and below the neutral axis will 
behave like a series of uniaxial positive and negative crystals 
respectively, with their axes parallel to the neutral axis. 
Also since the strain in the different layers is proportional to 
their distances from the neutral axis, the birefringence pro- 
duced by the layers will also be proportional to their distances 
from it. If a beam of plane polarised light with its direction 
of vibration inclined at 45° to the neutral axis is allowed to 
pass through the plate and then examined with a crossed 
analysing nicol and a telescope focussed on the plate, there 
will be seen in the field of view a dark band corresponding to 
the light passing through the neutral axis which passes un- 
modified through the plate and is quenched by the analyser. 
On either side of this dark band the light will not be quenched 
as it is elliptically polarised due to the double refraction produc- 
ed by those parts of the bent plate, the sense of the ellipticity 
on the two sides of the band being opposite. If now the 
incident light is elliptically polarised, having a phase retarda- 
tion Sj between light vibrations parallel and perpendicular to 
the neutral axis, the light will be made plane polarised by 
that layer of the plate which produces a retardation equal 
and opposite to Sj, the dark band shifting to that place. From 
what has been said above, it can be seen that the sign and 

• Bajtoigli# Phil. Mag., 4 , 680 (1902). 

Beinity-f Handbuch dar Phyaik., Bd. 19, p. 949. 
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magnitude of the shift will thus determine the sign and mag. 
nitude of the phase difference between the incident light 
vibrations parallel and perpendioalar to the dark band, so long 
as the bending moment applied to the ends of the plate is 
unchanged. Thus all that is necessary to measure the 
relative birefringence in the case of mixtures with different 
concentrations for a given pair of liquids is to measure the 
shifts produced by these mixtures, keeping the bending 
moment of the plate constant. 

For a given bending moment a strong source of light will be 
preferable in order that the parts of the plate very near to the 
neutral axis should restore an appreciable amount of light, 
making the dark band narrow. The range of the instrument 
as also the sharpness of the dark band can be increased by 
increasing the bending moment, when, however, the shift for 
a given birefringence, i. e., the sensitivity, will become 
smaller. On the other hand, the use of too low a bending 
moment for increasing the sensitivity makes the band broad 
and diffuse, introducing an uncertainty in its location. Hence 
the proper amount of bending for a series of mixtures of a 
given pair of liquids can be chosen by considering all these 
factors, viz., the strength of the course of light available, the 
breadth of the beam, the shift for a given birefringence and 
the range of the values required to be measured. 

The actual strip of glass used was about 10'6 cms x I'cm. 
bent in its own plane by the pressure applied at its ends. 
The thickness of the plate was about 1*5 mm. Suitable thin 
rubber pads were given below to ensure an even distribution 
of pressure at the points of application. 

4. Experimental. 

The other experimental arrangement was the same as in 
the author’s earlier work.’ The strong source of light was a 

7 6. W. Ofainob^ai, Ind. 7o<ur. FI 171 ., 4, 165 (1W1)< 
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1000 0. p, pointolite lamp, the light from which was oondens. 
ed and collimated before passing through the polariser of 
which the principal direction of vibration was inclined at 46^ 
to the horizontal. The direction of the magnetic field as well 
as the neutral axis was horizontal. The liquid mixtures were 
kept in stoppered glass tubes 33 cms. long with thin plane 
windows sealed to the ends. The tubes were kept in an equal- 
ly long gap of the spfcial electromagnet. ® In all cases, a 
current of 11 amps, was lised in the electromagnet giving a field 
of about 24000 gauss, fxcept in the case of nitrobenzene 
where a lower current oif about 4 amps, was found quite 
sufficient to give a large shift, of the same order as in the 
other liquids. The shift of the dark band was measured by 
means of an Adam Hilger micrometer eye-piece with which 
the observing telescope was fitted. The position of the centre 
of the band could be located to within one division of the 
micrometer scale. The mean of six or more readings was 
taken as the shift in each case. Considering the order of the 
shifts of the dark band in the various mixtures as given later 
(Tables 1 to 21) under results, one can get an idea of the 
sensitivity of the method. The deviations of the experiment- 
al values from the theoretical ones are far too large to be 
masked by, or even appreciably affected by, the errors in 
measurement, as can easily be seen from the curves. Test 
values were consistent when taken with different pure liquids 
and a comparison of the curves for nitrobenzene-CCl 4 mix- 
tures with the same mixture investigated by Cotton and 
Mouton, shows that the two values agree very well (see 
Fig. 18). 

The liquids used were of Kahlbaum’s or Merck s manufac- 
ture. In most cases, one liquid was chosen to possess a high 
value of magnetic birefringence and the other almost negli- 
gible, so that from the birefringence point of view the one may 

® H. BiuBaiiftcIbAX&t lod* Jour* Pbys.j d, 16 (1920)* 
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be said to have been diluted by the other. The ‘^diluents” 
were mostly carbon tetrachloride (Merck’s extra pure or 
" Eahlbaum’s ”) and cyclohexane, and in a few cases acetone. 
The cyclohexane used was tested with a sensitive half shade 
compensator and found to exhibit a feeble positive birefring- 
ence of the value of -f-O OS as compared with +100 for 
nitrobenzene. Comparing this with the portion of the 
benzene-cyclohexane curve (Fig. 2) at infinite dilution and 
taking —0'6 as the value of magnetic birefringence for pure 
cyclohexane,” it is found that the sample of cyclohexane used 
contained about 1%’of benzene as impurity. 

According to equation (vii) the concentrations of the 
mixtures should be expressed in terms of the partial volumes 
of one component. If Vj and V, c.cs. of two liquids on 
mixing give V as the volume of the mixture, the partial 

volume Vi (=Vi/V) of liquid 1 is equal to — provided the 

volume change produced on mixing is negligible. The 
diluents in most of our cases being non-polar, the volume 
changes were expected to be small. The volume changes 
in the mixtures proposed to be investigated were found out 
from available data (e.g., International Critical Tables, 
Tol. Ill), It was seen that in most of the mixtures the 
maximum changes were of the order of 0’2 to 0’3 per cent, 
or even less, which were well within the accuracy of the 
measurement of the shift. It would have been indeed super- 
fluous to take account of the changes in these cases. Where 
the changes were larger than these, due corrections were 
made, the mixtures being in all cases made by weights. 

5. Results. 

The results for the twenty-one mixtures studied are 
given in the tables (1 to 21) at the end of the paper. The 


• fiahanr, 0. B.. m, 1228 (1081). 
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RELATIVE birefringence 
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first column of the tables gives the partial volumes of the 
first-named liquid in the pair constituting the mixtures ; 
the second column gives the shift of the dark band in 
micrometer screw divisions, it being proportional to the 
birefringence ; the third column gives the relative birefring- 
ence assuming the value unitjr for the mixture with partial 
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volume 1. In the curves this relative birefringence is 
plotted against the partial volumes. This secures the same 
relative value of maximum birefringence for all the mixtures ; 
and a glance at tire curves gives an idea of the relative 
deviations for the different cases. The curves theoretically 
expected (eq. vii) are drawn by broken lines. The refractive 
index n of the mature used to calculate the theoretical 
values was calculated from the concentrations of the mixtures 
by Lorentz formulsf. It was verified from available data of 
refractive indices of mixtures that the use of the actual experi- 
mental value of ri for a given mixture instead of that 
calculated from the Lorentz formula does not alter the factor 

occurring in equation (vii) to an appreciable 

extent. The theoretical curves vary only slightly from a 
linear relation ; hence the theoretial values have not been 
given in the tables. 


6. Discussion. 

On examining the different curves, it is seen that (a) 
mixtures of benzene, toluene and aniline exhibit curves 
concave towards the axis of concentration, those of nitro- 
benzene and carbon* disulphide are convex, while those of 
chloro- and bromo-benzene and ethyl-benzene more or less 
agree with the theoretical curves and are almost straight ; 
(h) any of the “ diluents ” used keeps the essential nature of 
the curve of a given liquid the same, though in several cases 
it is found that when cyclohexane is used as a diluent, the 
curves are a little less convex (or more concave) towards 
the concentration axis than when carbon tetrachloride was 
used; (c) a gradual diminution is found in the concavity 
of the curves towards the concentration axis in the benzene 
derivatives in the following order benzene, toluene, ethyl- 
benzene, bromobenzene, chlorobenzene and nitrobenzene, 
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the change being rather sudden in the case of nitrobenzene ; 
(d) there is a pronounced asymmetry in the curves of aniline 
(Eigs. 16-18), the rate of diminution of magnetic birefringence 
with dilution being very small up to about 76^% volume con. 
oentration, and thereafter increasing markedly. On examining 
the results of earlier workers, one finds that many of these 
essential features are to be seen in their work also. Thus, 
Cotton and Mouton * found the nitrobenzene curves convex 
when ethyl school, acetone and dibromoethane were used as 
diluents, agreeing with (6) above. Results of Szivessy and 
Richartz ‘ show that curves for nitrobenzene and nitrotoluene 
were fairly convex, but those with chloronaphthalene (ana- 
logous to our chlorobenzene) have very little curvature, 
being almost straight and close to the theoretical curves ; 
this agrees with our (c). 

According to Langevin’s theory of magnetic birefrin- 
gence the molecules of the liquid are optically as well as 
magnetically anisotropic. Apart from their anisotropies, in 
a dense fluid like a liquid, the behaviour of the molecules 
would be modified by the influence of the neighbouring 
molecules also. Thus, if the molecules are electrically polar, 
the phenomena of molecular association would be a pro- 
minent feature of the intermolocular influences. Even in non- 
polar substances, Raman and Erishnan have shown that 
the effect of the non-symmetrical shape of the molecules 
results in the polarisation field at a molecule due to 
the surrounding ones becoming anisotropic. Without going 
for the present into the cause and nature of the in- 
fluence of the neighbouring molecules, we can take it 
that these do modify the observed properties of a given 
molecule. As a result of mixing some foreign liquid, the 
given liquid is rarefied, and the influence of molecules of its 

U «. 0.,BsaiMUt MdErishsan, FhirVtg.. 0,498 (1938); Fmo. Bey, Soe., A., Uf, 
1(198T>. ’ . 
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own kind on a given molecule becomes smaller. Thus, for 
example, it is known that polar association tends to break up 
by dilution. A change in the physical conditions of a liquid 
which produces efEect* similar to “ dilution ” is the heating of 
a liquid and the ulllmate case of vaporisation. The inter- 
molecular influences ire modified by heating, on the one hand, 
by a change of volunie so that each molecule gets more space 
for itself, and on thi other, if there is any sort of a regular 
order in a liquid as dho to polar association or due to other 
forces like the “ van der Waal forces,” this order tends to be 
destroyed by the Increasing thermal agitation. It would 
therefore be instructive to compare the temperature variation 
of those properties of liquids which are related to magnetic 
birefringence, with the variations of magnetic birefringence in 
mixtures. In making these comparisons and in all the 
discussions to follow, the following remark about the curvatures 
will always be remembered. Erora the point of view of 
Langevin’s theory, the interpretation of the different curva- 
tures is that for those cases where the concentration- 
birefringence curve is more convex (or concave) towards the 
concentration axis than the theoretical curve, the effective 
anisotropy of the molecules of the liquid, cither optical or 
magnetic or both, is decreased (or increased) when the liquid 
is " diluted.” 

7. Rehiion with Temperature Variation of Magnetic 

Birefringence. 

Let us take first the variation of magnetic birefringence 
itself with temperature. According to Langevin’s theory, the 
absolute temperature T, the refractive index n, the density d 
and the Gotton-Mouton constant C are connected by the 
relation 

.. (viii) 



calci^ateo values or the molecular anisotropy fsxio 
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where n is the number of molecules per c. o. lor the case of 
a perfect gas (or vapour very approximately) this reduces to 


0 lOr 


(xii) 



Fig. 22. 

It is experimentally found that 8 calculated for the molecules 
in the liquid state from eq. (xi) is usually different from 8 
for the same molecules in the vapour state calculated from 
(xii), the difference being due to the inter-molecular influen- 
ces in the closely packed liquid state. When a liquid is heat- 
ed Su,. would change and ultimately reach the 8g„ value 
when it is vapourised. Without again going just now in the 
cause of these variations, let us compare, the temperature 
variations in Su,. for different liquids, with our curves, The 
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temperature variation of 8 has been studied by Ramachandra 
Rao “ for seven of the eiefht liquids used in the present inves- 
tigation, viz., benzene, toluene, ethylbenzene, chloro- and bro- 
mo-benzene, nitrobenzene and aniline. His curves are repro- 
duced here (Fig. 2^). While discussing the data about light 
scattering in fluide, Krishnan has given values for Sn,. 
for carbon disulphide at different temperatures taken from 
unpublished result# of Ramanathan. Of the two series of 
value given by him based on two different formulae used in the 
calculations, the vpilues from the one that has been accepted 



at present (eq. xi) are taken, and Fig. 23 represents the 
curve drawn from those values. The values of Sa,. when 
the temperature is further increased will asymptotically tend 
to reach the value for S^p. ; and hence comparison of 8iiq. 
and Stop, for these substances should be taken note of in 
conjunction with the above curves. In Table 22 are given 
the values of Su,. and S^p, for the eight liquids used, after 
I. Ramakrishna Rao. 

8. Rftmaohandra Rao, Ind. Jour* Phys., 3, 21 (1928). 

« K 8. Krishnan, Proo. Ind. Assn. Cult. Be., P, 208 (1926). 

I. Raxnakrishna Rao, Ind. Jour. Pbys., 2 , 61 (1927). 
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Table: 22. 


Substanoe. 

Benzene. 

Toluene. 

Ethyl 

benzene. 

Chloro- 

benzene. 

Bromo- 

benzene. 

Aniline. 

Nitro- 

benzene. 

OS}. 

9 liq. X 103 

29 

22 

21-9 

27 

31 

21'7 

53 

106 

5 vap. X 103 

89-1 

43*7 

1 

41*5 

48-9 

46’9 


60 

106 


It is interesting to find that only in the two cases of 
nitrobenzene and carbon disulphide for which the birefrin- 
gence concentration curves are convex towards the axis of 
concentration do we find the optical anisotropy of molecules 
in the liquid and vapour states to be practically the same. 
Again for these two liquids only is found at first to 
diminish to a great extent with the increase of temperature, 
and then to begin to increase. Even at temperatures much 
higher than those reached in Figs. 22 and 23, the value of Sn,. 
would only tend to approach the Svap. value, being actually 
always less than it. Since Su,. is nearly the same as Svap. 
for these two, it is seen that with the increase of temperature, 
the optical anisotropy Sn,. of the molecules will always be less 
than that at room temperature. A similar diminution of the 
effective optical anisotropy with dilution would give for nitro- 
benzene and carbon disulphide curves like the experimental 
ones. 

For the other liquids for which the birefringence 
curves are concave towards the concentration axis or nearly 
straight. Sit,, is found to increase with temperature. Appa- 
rently for the case of aniline, the temperature variation curve 
shows a slight and gradual diminution up to about 140° after 
which however Su,. has begun to increase, but on looking at 
its Svw. value which is much h^her than Su,. one can see 
that for further increase of temperature, Su,. will increase 
rapidly and become more than that at room temperature. 
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The cuiTe for aniline in Figure 22 is only an initial part and 
not fully representative. In fact, the difference between 
Svap. and Suq. for aniline is much greater than that for any 
of the other seven liquids, for many of which S^q. increases 
rapidly with teitoperature. Thus, the temperature — Su,. 
curve for aniline t^ken together with the difference in Syap. 
and Siiq. values is fully consistent with the nature of its hire- 
fringence-concentriation curve which is concave towards the 
concentration axil, according to the arguments developed 
above. 

On comparing the Sa,. -temperature and the birefrin- 
gence-concentration curves a striking similarity is again found 
in the variations of the general slopes of the former curves and 
the variations in the curvatures of the latter curves as we pass 
from benzene, through toluene, ethyl benzene, bromo-benzene 
and chlorobenzene to nitrobenzene. The rate of increase of 
Siiq, with temperature decreases after benzene and toluene 
and ultimately becomes negative in nitrobenzene ; this corres- 
ponds to the curvature of the birefringence curve of benzene 
which becomes less for toluene, ethyl benzene and bromo- and 
chloro-benzene and ultimately reverses for nitrobenzene. In 
benzene, the magnetic birefringence in a diluted state has a 
value higher than that indicated by theory and this corres- 
ponds to the higher values of Suq. for benzene molecules with 
increase of temperature. For nitrobenzene, the opposite is the 
case both for Su,, as well as for birefringence. In these com- 
parisons again, as in the previous ones for temperature varia- 
tion of birefringence, we do not expect a strict quantitative 
correspondence for each case. 


9. Conclusicyn from the Preceding Discussions^ 

The different comparisons made so far are of experiment- 
al facts and do not rest on any particular theory about these 
variations. A more direct comparison would be with change 

I 
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of optical anisotropy with dilution, but data about it are 
wanting at present. But the comparisons made and the 
striking similarities seen in the preceding paragraphs between 
birefringence in mixtures and data about three different 
phenomena, viz., (.) temperature variation of magnetic bire- 
fringence, (2) temperature variation of the optical anisotropy 
of molecules and (3) the optical anisotropy of molecules in 
the liquid and gaseous states, seems definitely to indicate that 
the variation in the optical anisotropy is at least one, and 
probably the main, cause of the deviations of the values of 
magnetic birefringence of liquid mixtures from those to be 
expected theoretically. 

10. Remarks on the Physical Interpretation. 

When one tries to picture the mechanism of these varia- 
tions, different factors have to be considered. In polar 
molecules, dipolar association plays an important part. It is 
well known that dilution breaks up the molecular association, 
and this breaking up of association will in general change the 
observed molecular anisotropy. Some peculiarities in his 
investigations have been attributed to molecular association 
by Bamachandra Rao. In our mixtures, the asymmetry of the 
aniline curves seems to be due to association, aniline being 
strongly polar. Probably the aniline molecules in the 
unassociated state have a higher effective magneto-optic aniso- 
tropy than in the associated state. When the liquid is diluted, 
in the initial stages the diminution of birefringence due to the 
diminution in the number of molecules is compensated for by 
the breaking up of association and the consequent increase in 
molecular anisotropy, and so in these stages, the rate of dimi- 
nution of birefringence with dilution is small. Afterwards, 
when a large number of molecules have been broken up, the 
diminution due to dilution preponderates, and the rate of 
decrease of birefringence becomes large. 
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In non-polar substances also it is known that close pack- 
ing as in liquids changes the molecular anisotropy, it being 
generally different; from that in the vapour state. Baman 
and Elrishnan^^ hav^ shown that this can be explained as due 
to the non-symmeti^cal distribution of molecules round a given 
one, producing an alnisotropy in the polarisation field at the 
given molecule due to the surrounding ones. This anisotropic 
polarisation field dejpends upon the non-symraetrical shape of 
the molecule and tlfe closeness of approach of the surround- 
ing molecules to il In general, the effect is to diminish the 
molecular optical anisotropy. With increasing temperature, 
the molecules get more space for themselves and the distribu- 
tion of molecules round a given one becomes more symmetri- 
cal, and the optical anisotropy increases. The temperature 
variation curves of the non-polar hydrocarbons have been 
shown to agree with those to be expected on the above ideas 
of the anisotropic polarisation field. The temperature varia- 
tion and dilution, however, stand on a different footing so far 
as the above theory of anisotropic polarisation field is con- 
cerned. When the temperature is increased, due to the 
greater free space available the region of approach of the 
surrounding molecules to a given one become more nearly 
symmetrical, and the anisotropy of the polarisation field 
diminishes. But the effect of dilution is simply to replace the 
molecules surrounding a given one from its own kind to that 
of the diluent ; but the distribution of the molecules of the 
second liquid and the consequent polarisation field will still 
remain unsymmetrical, this being dependent only on the shape 
of the given molecule. If, however, we assume that the 
diminution in the optical anisotropy is due not merely to the 
unsymmetrical distribution round a given one, but also to 
some kind of temporary molecular grouping in the liquid 
»tateJ^ then the breaking up of this temporary grouping both 


Krishnan ftad Bsmachandra Bao^ Ind. Jour* Phya^ d* 89 (1929). 



614 


S. W. CHINCHALKAR 


due to an increase of temperature and due to dilution would 
explain the general correspondence between the two pheno< 
mena observed above. Such temporary grouping has also 
been suggested from X-ray diffraction in liquids and other 
observations.!^ Experimental study of variation of optical 
anisotropy in mixtures would also throw light on the points 
raised here. 

In conclusion, the author desires to express his heartfelt 
thanks to Professor Sir C. V. Raman, Kt., F.R.S., N.L., for 
his keen interest and kind encouragement. Thanks are also 
due to the King Edward Memorial Society, Nagpur, for hav- 
ing extended the term of the Research Scholarship. 


e. 9 ., etowurtiFlqri. BaT.,3S, 658(1988). K. Baoerjee, Ind. Jour. Pbyt., 4 , 541 
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Tables. 


Vi. 

Shift. 

Belativd 

BtiefringeBce. 


Shift. 

Belative 

BirefringeDoe. 


1 Benzene-CG 

14 


4 Toluene-CCli 


0 

0 

0 

0 

0 

0 

0176 

21-0 

0-251 

0*177 

14*6 

0*204 

0-878 

38-6 

0-461 

0*372 

28-6 

0*401 

0*583 

63'6 

0-641 

0*606 

43*0 

0-606 

0*850 

78*0 

0-874 

0-787 

57*0 

0-808 

1 

83-6 

1 

1 

71-0 

1 

2 Be 

Dzene-Cycloheza 

ne 

6 To 

1 

1 

luene^Cyclohexa 

DO 

0 

inseDsible 

... 

0 

iosen Bible 

... 

0-216 

190 

0*306 

0-265 

21-6 

0*307 

0-395 

82*5 

0*529 

0-623 

43-0 

0*600 

0-641 

39*0 

0*634 

0-708 

66-6 

0*793 

0-712 

60-0 

0*813 

0*806 

60-0 

0*867 

1 

61*5 

i 

1 

1 

70-0 

1 

i 

1 


3 Benzene'Aoetfi 

»Qe 

1 

1 

5 Ethyl benzene 

•coil 

0 

6-0 


0 

0 

0 

0-287 

29-0 

! 0-387 

0'332 

27-0 

0-829 


38-0 

0-607 

0-427 

84-0 

0-416 

0*588 ' 

630 


0-689 

1 

62-0 

0-684 

0-787 

61-6 

0-820 

0'819 

68-0 

0-829 

1 

76 0 

1 

1 

82-0 

1 
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Tables (contd.). 


t>i. 

7 


Shift. 

Relative 

Birefringence. 


Shift. 


Relative 

Birefriogeaoe. 


Ethyl beozeDe-Cjclohesane 


10 Chlorobenzene-Acetone 




« The temple of oyebbexane need for these two mixtoree hed an eppreoiable bensene 
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Tables (contd.) 



Shift. 

Relative 

Birefringence. 


Shift. 

Relative 

Birefringence. 

18 Nitrobenzene-CCL 

16 Aniline-CCU 

0 

0 

0 

0 

0 

0 

0-813 

14-0 

0*207 

0-197 

20-0 

0*274 

0-626 

26*6 

0-878 

0-418 

88-6 

0-628 

0-71T 

37-0 

0-648 

0-692 

68-0 

0-726 

0-778 

40*0 

0-693 

0-761 

66-0 

0*890 

1 

67-5 

1 

1 

78-0 

1 

14 Nitrobenzene Cyclobexane 

j 17 Aniline-Cyclohexane* 




n ! 

8*0 

0-112 

0 

insensible 


u 



0-211 

j 13-0 

0-189 

0-358 ! 

39-0 

0-649 

0-400 

21-6 

0*339 

0*490 

49-0 

0*690 

0-664 

31-0 

0-488 

0-662 

69-6 

C-838 

0 786 

41*0 

0-646 

0-793 

68-0 

0-967 

1 

68-6 

1 

0-912 

69-6 

0-979 




1 

71-0 

1 





1ft Aniline-Acetone 

16 Nitrobenzene Chlorobenzene 








9*0 

0-126 

0 

28-6 

I 0-806 

0 



0*818 

41*0 

0-480 

0*261 

80-0 

0-4-20 

0*439 

46-6 

0-487 

0-390 

48-6 

0-636 

0*616 

60*6 

0-637 

0-616 

62-0 

0-867 

0*768 

70*0 

0-740 

0*861 

66*6 

0-930 




1 

71-6 

1 

1 

98-6 

1 
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Tables (conid.) 



Shift, 

Belative 

BirefringeDCd. 

Vi. 

i 

Shift. 

Belative 

Birefringence. 


19 CS,.0Cl4 

1 20 CSrCjclohexane 

0 

0 

0 

0 

insensible 


0‘266 

10-6 

0-216 

0140 

6*0 

0-101 

0-892 

14-6 

0-299 

0‘318 

12-6 

1 

0-263 

0 578 

26*0 

0-616 

0-496 

190 

0-384 

0 706 

82-0 

0-669 

0-673 

28-0 

0-666 

1 

48-5 

1 

1 

49*6 

1 


ei. 

1 Shift. 

Relative Birefringence. 


21 CSt-Benzene 


0 

-68-6 

-1-31 

0-239 

-86-0 

-0-81 

0-428 

-17-0 

-0-88 

0'616 

4-0 

0-09 

0-796 

19-6 

0-44 

1 

44-6 

1 


Tee Ikdum Absocution fob the 

CULTITATION OF SciEMOK, 

>10, Bowham Street, CaleutU. 
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Raman Spectra of Iodides : Part 11. Ethyl, Propyl 
and Isobutyl Iodides. 

By 

N. Gopal Pai. 

(Plate XXXI.) 

(Received for publication, IGth t^occmber, 1932.) 

Abstract. 

The results of a study of the Baman spectra of ethyl, propyl and iao- 
butyl iodides are described in this paper. In order to prevent the liquid 
getting coloured due to photochemical decomposition continuous distillation 
is maintained during the exposure. Besides, the free iodine which is not 
removed by this means is removed completely by means of copper wire 
placed suitably in the path of the distillate. Isobutyl iodide is studied for 
the first time. In all oases several new frequencies have been obtained. 
The following Baman frequencies are reported : 

Ethyl iodide : 262 (6) ; 502 (9) ; 952 (2) ; 1049 (0) ; 1203 (3) ; 1380 
(0) ; 1438 (1) ; 2860 (1) ; 2915 (4) ; 2968 (3) and 8010 (2). 

Propyl iodide : 133 (0), 204 (2) ; 291 (3) ; 390 (2) ; 504 (0) ; 592 
(4) ; 758 (1) ; 809 (1); 873 (1) ; 1012 (2) ; 1120 (3) ; 1101 (2) ; 1267 
(0) ; 1326 (0) ; 1385 (0) ; 1424 (1) ; 1442 (1) ; 1487 (0) ; 2836 (2) ; 
2882 (1) ; 2929 (3) ; 2959 (2) and 3035 (0). Nine frequencies are re- 
ported for the first time. 

ho-butyl iodide : 173 (1) ; 285 (3) ; 430 (3) ; 580 (25) ; 605 (3) ; 

792 (1) ; 943 (0 6) ; 1194 (3) ; 1304 (1) ; 1477 (0) ; 2800 (2) ; 2900 (2); 
8001 (1). 

1. Introduction. 

In a previous paper/ the author investigated the Raman 
spectra of methyl-iodide and phosphonium iodide. Three 
other iodides, cw., ethyl, propyl and isohutyl iodides are ex- 
amined and the results are reported here. As we ascend the 
series : methyl, ethyl, propyl, butyl, etc., the iodides show 
greater and greater tendency for photochemical decomposition. 


1 Ind. Jour. Pbyi,, r, 286 (1932). 
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Consequently, the liquids get highly coloured under the influ- 
ence of light with the formation of free iodine. This is a serious 
difficulty which stands in the way of getting good spectrograms. 
A modiflcation of the constant distillation apparatus was 
deyised to oyercome this difficulty and is described below, 

2. Experimental Details. 

The liquids as supplied by Kahlbaum in coloured capsules 
are colourless but acquire a deep colour on exposure to light. 
The coloured liquid is first shaken with a dilute solution of 
sodium bisulphite which remoyes most of the free iodine. The 
liquid still has a yellowish tint and to get it perfectly colour- 
less it is dehydrated with calcium chloride and then left in 
contact with bright copper wire for some time. Any free 
iodine which is present is thus removed as copper iodide which 
gets deposited on the metal as a dull brownish red film. After 
this preliminary purification, the liquid is distilled in vacuum 
and the middle fraction is transferred to the apparatus shown 
in Fig. 1. i is a distilling flask with a side tube B which is 



Fig. 1. 


surrounded by a water jacket G. In the U-tube D freshly 
reduced copper in the form of fine wire is closely packed. The 
IJ-tube is sealed on to be observation tube E on the one side 
and to the side tube B on the other. The liquid from D enters 
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the observation tube which is illuminated by the light from 
the mercury arc focussed on to it by a condenser. After the 
tube E is filled, the distillate overflows into the tube F and is 
finally carried back to the flask A. The cycle continues : fresh 
liquid entering on one side and the spent liquid overflowing 
from the other. After pouring the liquid into the flask A, the 
apparatus is connected to a pump, evacuated and is sealed off 
at G. The rate of distillation is so adjusted that the liquid 
remains in contact with copper for a fairly long time and when 
it overflows into the observation tube £J, it is colourless. The 
efficiency of interposing the U-tube packed with copper wire 
becomes evident when it is noted that in its absence the liquid 
accumulating in the observation tube acquires a red colour in- 
spite of the continuous distillation. With the arrangement 
described the liquid was perfectly colourless even after A days’ 
exposure to the mercury lamp. 

A simple method of placing a long copper wire inside the 
observation tube was attempted but was not found to be very 
efficient. In order to completely decolourise the liquid, it is 
necessary to increase the surface of the copper exposed. This, 
however, interferes with the illumination of the liquid and is 
not practicable. Further, in course of time, fine particles of 
copper iodide get detached from the wire and remain suspend- 
ed in the liquid thereby causing strong continuous spectrum. 
In the arrangement described, these difficulties do not arise. 
The copper wire at the top of the left limb of the U-tube 
decolourises the liquid and any powder which gets detached is 
retained by the long column of closely packed wire. The 
spectrogram obtained after exposing the liquid for 96 hours is 
absolutely free from any continuous background. 

The usual experimental arrangements were adopted, using 
a mercury lamp as the source of incident light. The spectrum 
of the scattered light was photographed with a large disper- 
sion Fuess instrument using backed Ilford Golden Iso-zenith 
plates. The wave-lengths were calculated on the micrometer 
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measurements using Hartmann’s simplified interpolation for* 
mula taking the incident mercury lines as the standards. 

3. Results. 

The following tables give the analysis of the Baman 
spectra of the three liquids studied here. The intensities (I), 
wave number (v) and the shifts in the frequencies (a v)’ of the 
Baman lines are shown under the respective columns. 
The incident mercury lines at \ 4046-6, 4077-8, 4339*2, 
4347*6 and 4358*3 are represented by the letters d, e, /, 


Table I : Ethyl Iodide. 


I 

V 

6.V 

I 

V 

Av 

1 

24257 

259 

9 

22436 

/-502 

7 

24204 

rf— 501 

2 

21986 

t—m 

2 

24014 

f-602 

0 

21887 

/-1061 

2 

23764 

d— 951 

1 

21847 

(1-2858 

0 

23668 

(f-1047 

4 

21789 

(i— 2916 

3 

23502 

1203 

66 

21735 

(1—2970 

3 

23438 

/ + 500 



/-1208 

0 j 

23324 

rf-1381 i 

1 

0 

21689 

rf— 3016 

1 

232G6 

rf-1439 ! 

1 

0 

21599 

r- -2917 

3 

23199 

/ + 261 

1 

21559 

CO 

1 

0 

22778 


2 

21501 

e -8015 

0 

22782 

{1-263 



/— 1437 

6 

22677 

/ -261 

0 

20076 

/— 2863 

0 

22538 

Ji— 601 

2 

20028 

/-2910 

0 

22492 


2 

19972 

/-2966 


Author Av 

262 

501 

961 

1049 

1203 

1380 

1438 

2660 

2916 

2968 

8016 


(6) 

(9) 

(2) 

(0) 

(3) 

(0) 

(1) 

(1) 

(4) 

(8) 

(2) 

Dadieu and 

261 

497 

961 

1049 

1194 


1480 

2868 

2916 

2967 

8012 

Kohlrausch, 
Infra-red fre- 



962 

1041 

1106 

13S9 

1408 
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Table III : leobutyl Iodide. 


I 

V 

! 

1 

1 1 

V 

i Ay 

0 

24421 

(f- 281 

1 

3 

22G53 

/- 986 

1 

24274 

d- 431 

8 

22609 

f- 429 

1 

24123 

1 d- 582 

j 26 

22861 

/- 577 

3 

24100 

d~ 605 

: 3 

22333 

/- 005 

2 

23912 

j (A- 793 

' 1 

22148 

/-'792 



i le- 604 

! 06 

21995 

/- 943 

0 

23761 

1 

' d- 044 

1 1 

21844 

d-286l 

3 

28614 

1 rd-1101 

1 

21800 

9-1196 

1 


j (/+ 676 

1 ^ 

21744 

fi-im 

1 

i 

23399 

d-1306 

i 


id -mi 

0 

23368 

/+ 430 

i 1 

21704 

(j-300l 

Ih 

23229 

r/+ 291 


21634 , 

/-1304 



U-1476 

0 1 

21461 

/-1477 

1 

23110 

/+ 172 ! 

1 1 

20079 

j 

/-2869 

1 

22764 1 

/- 174 ' 

i 

j 1 

19979 

/-2969 

1 


A«'= 173 (1) : 285 (3) ; 480 (3) : 680 (26) ; 606 (3) , 702 (1) ; 943 (06) ; 1194 (3) ; 1301 (1) ; 
1477 (0); 2860 (2); 2960 (2): 8001 (1). 


g and h respectiyely. The values obtained by other investi- 
gators are given for comparison. Infra-red absorption data 
are available only in the case of ethyl iodide and are taken 
from Coblentz’s ‘ Investigations of Infra-red spectra.’ Only 
those values which correspond to the Eaman frequencies are 
included in the table. 

4. Discussion of Results. 

The Raman spectrum of ethyl iodide has been investi- 
gated by Dadieu and Kohlrausch ^ and it is seen from the table 
that there is good agreement between their results and those 

* Wien Bar., 189, 77 0980). 

„ 189 , mam, 



BAMAN SPECTRA OF IODIDES 


625 


obtained by the author. A new line at Ay 1380 which was 
not reported before has been obtained. The line is weak in 
intensity and fairly sharp in character. The spectrum of 
propyl iodide has also been studied by the above authors, but 
several Raman frequencies characteristic of this liquid have 
been overlooked by them. As many as nine new frequencies 
are recorded for the first time by the author. These are at 
Av 1120, 1326, 1385, 1442, 1487, 2836, 2882, 2959 and 3036. 
The CH band at 2935 reported by Dadieu and Kohlrausch has 
been resolved into! five components ranging from 2836 to 3035. 

It has been diown previously that all the iodo compounds 
show a prominent Raman frequency at about Av 500, which 
may be attributed to the oscillation of the C-I group. It is of 
interest to study the variation in magnitude and intensity of 
this frequency in the various iodo compounds. In methyl 
iodide this frequency appears with great intensity (Av 624) 
and the corresponding Raman line shows rotational wings on 
either side. In ethyl iodide the line is quite prominent but 
shows a distinct shift towards the shorter wavelength. In the 
higher members the line continues to appear at about the 
same position as in ethyl iodide. A similar diminution 
occurs in the values of the frequencies characteristic of the 
CBr and 001 linkages respectively from the first to the second 
members of the series. The respective frequencies attain a 
more or less steady value in the propyl and the higher 
members as is seen from the table given below. 



Cl. 

Methyl 

712 

Btbyl 

665 

Propyl 

651 

Batyl 

660 


Br. 

I. 

594 

524 

667 

502 

666 

604 

667 

606 


Table IV. 




N. 0. PAl 


$26 

In this oonneotion it maj be noted that a similar obser- 
vation with the OS oscillation ' in the mercaptans and organic 
sulphides has been made. 

On examining the spectrum of isobutyl iodide it is observ- 
ed that the frequency characteristic of the 01 oscillation which 

Table V. 


Ethane. Ethyl Chloride. Ethyl Bromide. Ethyl Iodide. 














PAl 
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Table VI. 


Froptae. 

wsm 

Propjl Bromide. 

Propyl Iodide. 



... 

183(0) 

• •• 

'w * • • 

... 

204(2) 

887 (3) 

#(4) 

816 (8) 

291 (8) 

• •• 

4fc(a) 

403 (3b) 

390(2) 

• •• 

1'“ 

666 (6) 

694 (6) 

... 

6|l(6) 

648 (4) 

692 (4) 


7»(4) 

... 

... 

... 

799(8) 

777 (3) 

768 a) 

887(10) 

860(2) 

840(1) 

809(1) 

... 

899(3) 

693 (lb) 

878 0) 

1006 (9b) 

1098 (8) 

1038 (3b) 

1013 (3) 

U60(2) 

1106 (0) 


1130 (8) 


.«• 


U91 (3) 

•D* 

1880(0) 


1367(0) 

... 

1889 (1) 


1896(0) 

... 


... 

1886 (0) 

1468(4} 

1446 (4b) 

14S4(2) 

1434 (1) 

... 

... 

... 

1448 (1) 

.*• 

.M 

t «» 

1467 (0) 

9796 (8) 

... 

... 

2886(2) 

9767(1) 

IM 

... 

... 

9874 (10) 

3878 (6) 

3876 Ub) 

2863(1) 

9908(9) 

... 

... 


f09O{6) 

9986 (7) 

9086 (4) 

2929 (3) 

9948(8) 

3967(7) 

2960 (6b) 

2969 m 

,f r,' r 

9076 (0) 


... 


9996(0) 

2998 (2b) 

•ee 

i. ” j ' '«■ 

;; -x ... 

8019(0) 

... 

8036 (0) 
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appears strongly in all the normal compounds could not be 
detected on the plate. This weakening in the intensicy of the 
Baman line, characteristic of any group in the iso compounds, 
appears to be of a general nature. For instance, Bhagavan- 
tam and Yenkateswaran * noticed a diminution in the CGI and 
GO lines in the isopropyl chloride and trimethyl carbinol 
respectively. 

The 3 band due to hydrogen generally appears with a 
large number of components in the case of the higher members 
of the series. A striking feature has been noticed by Venka- 
teswaran “ which differentiates the normal and iso derivatives. 
In the case of the normal derivatives the component at the 
centre of the band is most intense, while in the case of the iso 
derivatives the outer components are more intense. This 
is seen to hold good in the case of normal and iso iodides 
also. The lines at about 1450 are usually attributed to 
the transverse oscillation of the hydrogen atoms. 

Another interesting comparison to be pointed out at this 
stage is the one that arises ou t of the series : — 

CgHe; O2H5OI; CgHsBr; O2H5I (dde Table V). 

and OgHg; C3H7CI; CaH^Br; C3H7I (vide Table VI). 

which illustrates the influence of substituting one of the 
hydrogen atoms in the parent hydrocarbon by one halogen 
atom. There is a diminution in the value of the characteristic 
frequency of the carbon<halogen system as the mass of the 
halogen is increased. Thus Ai'655 in the case of the chloro 
derivative falls to Av502 in the iodo compound. The Av993 
in the ethane has been attributed to the 0 — 0 oscillation and 
as the molecule is loaded more and more heavily by substitut- 
ing one of the hydrogen atoms by chlorine, or bromine or 
iodine atom respeotirely, the frequency diminishes to Av966, 




* Pn». Roy. Boo.. 127, 860 0980). 
« Iiid.Jonr.Phy«., 6,129 (1080). 
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and finally to 951. In the case of the bromide, this line is 
missing. The carbon-hydrogen frequencies do not show such 
a large diminution, though they shift as the mass of substi- 
tuent is increased. Thus both the 2900 and 2955 lines in 
ethane diminish by 2Bcm.“^ when hydrogen is replaced by 
one chlorine atom. By the introduction of a bromine atom, 
the lines shift to 2869 and 2924 respectively, i.e., by 31 wave 
numbers. Finally when the iodine atom is introduced, both 
of them diminish again by 40 wave numbers. It is interesting 
to observe that the ,2966 frequency in ethyl chloride remains 
practically unchanged. 

The derivatives of propane also show most of the changes 
mentioned above. Only due to the complex nature of the 
molecule, the hydrogen frequencies do not show such a striking 
change as seen in the derivatives of ethane. 

The author’s grateful thanks are due to Sir C. V. Baman, 
F.B.S., who kindly suggested the problem and under whose 
kind guidance the work was carried out. 

210, Bowbazar Sibeet, 

OAiiCnm. 
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The New Statistics and Electrostatics. 

By 

M. K. Gopalaiengar. 

(.Received for publication, 16th November, 1932.) 

Abstract. 

Silberstein’s application of the theory of metallic conductors to 
clecfcrostaticB is reconsidered from the standpoint of the new statistics, 
distinguishing therein two important cases. It is found that linear 
integral equations of the second kind are arrived at similar to the one 
obtained by him, but with altered constants, and in one of the coses 
dioussed, an extra constant factor [a of eg" (17)] appears in the integral 
equation. The thickness of the electrified layer in charged conductors 
is obtained equal to 2 ’08 x 10"®cm. and this is found to be independent of 
the temperature of the conductor. 

L. Silberstein ^ in the year 1918 realised that the applica- 
tion of the theory of metallic conductors to problems in 
electrostatics may not be devoid of interest and importance 
from the theoretical point of view. But no attempt has till 
now been made to bring his equations in line with the remark- 
able recent developments in the theory of electron conduction 
due to Pauli, Sommerfeld ^ and others. 

The problem to be attacked may be stated as follows : 
Given the total charge of each conductor and the potential 
of the external field, due to charges fixed outside the 
conducting masses, find the electrostatic or equilibrium 
distribution of electricity over each of the conductors. Sil- 
berstein in his treatment assumed the Maxwell-Boltzmann 

J Phil. Mag., 36 , 418 (1028). 

* Z. f. phyi., 47, 1 0928). 



632 


M. K. GOPALAIENGAR 


distribution law for the free electrons inside the oonduotors^ 
whereas the development of the quantum statistics of de> 
generate systems shows that they ought to be governed by 
the Fermi'Dirac formula. Thus the number of free electrons 
per unit volume whose energy values between E and li 
E+dE^whenin electrostatic-statistical equilibrium is given 

’’y , 

SjrG .. Es dE 


dN;= 






1 ^ 
j-Exp. 


KT 


(1) 


+ 1 


tf/ being an unknown function of x, y, z, is the potential energy 
of the electron in the resultant field of force. Since the 
electronic charge e is to be regarded as a negative number 

^ = -e (0, + 0() = -e0 (say) (2) 

where is the potential of the (unknown) distribution of 
resultant charge within the conductors. Integrating (1) over 
the whole phase space we get the number of electrons per 
unit volume as 


N = p (2ffmKT)^ 


(8) 


where U) is the particular case 
integral 


u 


p 


1 

(p+i) 




of the general Sommerfeld 


-Jl 

and B = Ae KT (4) 

Equation (8) represents the non.degenerate or degenerate 
case for the electron system according as B <<1 or >>1. 
For intermediate values of B, the integral in (8) can only be 
evaluated graphically or by expanding in an infinite series ' 

1 Buael, 8. ButieU, F by. Bev., 81, m a981). 
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and as this leads to complication, we shall discuss only the 
oases of complete degeneracy or complete non>degeneraoy. 
If the latter Up «• B for all values of p and A in (4i) is given 
wh® . ^ 4 

by A=: (2irmKT)~ Consequently equation (3) reduces 

to the classical expression arrived at by Silberstein, viz., 

± 

N = ne~KT (6) 


whereas if B>>1, and this condition does hold for the 
free electrons in metals, we have 


f , (p+i)p(p-i)(p-2)c 

end Mo - log B, A - 2niKT \ AnG" ) 


}] 


Evaluating (3) from these 

N =^3 (2 ;rmkT)^ (log B)^ (7) 

where terms of small value have been omitted. Here we must 
distinguish between two particular cases of importance : 

^ I ET fog A 1 from ( 4 ) 

and therefore, on simplification by using (6) and substituting 

in (7) 




( 8 ) 
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where, )* 

« i KtT^ I >'• 

aegB)‘’a( ^)^[n.|5TMi] 

and N= (2me#^ 1+|.5 L^aJ ^gj 

n is the number of free electrons per unit volume, of each con- 
ductor, in absence of the external field and, in the (microscopi- 
cally) neutral or unelectrified state of the conductor. By the 
assumption of the theory n is also the number per unit volume 
of positively charged atoms, each carrying a charge e. 
Thus the resultant density p of electric charge at the point x, y, 
z within any conductor of the system will be equal to (we— Nc) 
where N is given by (6), (8) or (9) depending on the conditions 
of the problem under consideration. 

Thus for the non-degenerate case, we naturally get Silbers- 
tein’s equation 


/)j=ne — ne 



whereas for the degenerate case 


( 10 ) 


if 


_± 

KT log A 


< 1 . 


and if 


KT log A 


Let us assume that 


>1 P=ne~ 

_3 KT log A 
2 ef 


/>=7a«^ (11) 

is negligible compared to unity. 
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Then 


« 4irG I 

=ne— e‘‘ 






( 12 ) 


These equations, on further rearrangement of their terms give 
respectively 



1 

(13) 


) 


If p be the density in any element d t and / the distance of 
d y from the point x, y, z then taking the charges in rational 
units 

' 4.J 

integrated over the volume of all conductors of the system. 
Thus from this and (2), the equations (13), become 



It has been assumed by leading eleotronists that is a very 
small fraction, so that 
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Thus, finally the equations (14) lead to the following linear 
integral equations of the second kind : — 

(non-dogenerate) (15) 

where > 1 ^-^ 

i I ^ (d,geuer.te »d R1 ) (16) 

and ^ ^ J « ( degenerate and >1 ) (17) 

Where n^y. and e= )* 

These are the fundamental equations from which we will 
have to start for solving problems in electrostatic charge distri- 
bution on the basis of the electron theory. 

2. It is seen by comparing equations (16), (16) and (17) 
that the constants involved in the equation for the classical case 
are altered by the application of the new statistics. Thus the 
penetration of the surface charge or the thickness of the electri- 
fied layer, which is measured by the square root of the coefficient 
of p in each of the equations (16)’, (16) and (17) is in the classi- 
cal case given by 

1 a/^ 

V7ie* ^ ne* ‘ 

In the new statisticsi however this becomes 

1 



2 08xl(r* cm. 
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we thus see that according to the Sommerfeld theory, the thick- 
ness of the electrical layer is independent of temperature. 
Moreover, it is also independent of the externally imposed eletric 
field as is evidence4 by the equality of to y^. 

A similar resuitt has been arrived at by Waterman * by modi- 
fying Thomson’ s method of estimating the thickness and he 
gets it 

h 

My best thanks are due to Sir C. V. Raman for his very 
kind encouragement. 


28S, West Park Boao, 
Mallbswabau. 
Banoalo&e (S. Imdia). 


* Proc. Boy. Boc., 121, 80 (1928). 

^ Thomson, Cotpasonlar Theory of Matter, p. 82 . 
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The Vibrations of the Different Parts of the 
Piainoforte Sound-Board. 

By 

L, 1). Mahaj^n. 

(Received for publicalion, 20Lh October, 1932.) 

Abstract. 

The vibrations of different parts of the pianoforte sound-board have 
been studied by a method described by the author in an earlier paper. It 
is found that the prominent harmonics present in the vibration curves of 
any one point persist in the curves for other points lying at various places 
on the sound-board. It is concluded that the entire sound-board vibrates 
as a whole inasmuch as the vibrations of all tbo ribs constituting the 
board are exactly similar in nature. It is, however, noted that the ampli- 
tudes of the various harmonics vary from rib to rib ; ribs of larger length 
produce higher harmonics of prominent amplitude whereas in the smaller 
ribs the higher harmonics disappear. 

1. Introduction. 

Welker ‘ considers the strings to be of secondary import- 
ance while the sound-board plays the principal part in the 
formation of the tone. On the other hand the pianoforte 
makers * are of the opinion that the sounding-board is not at 
all tone producing but like the stretched membrane of the 
drum, is a sound producing body, and therefore only sound and 
not tone can be drawn from it. Whatever view may be taken, 
the sound-board plays a fundamental part in the production of 
the musical tones of the pianoforte. Its present shape and 
structure, have been decided upon by trial and experience. 

^ ** Dar Olsvieibaw is Senior Theorie, Teohnik and Geschichte,” by H. Welker. 

* ** The Pianoforte and its Acoustic Properties,” by Siegfried Hansing. 
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But very little has been done on the theory of the sound-board 
vibrations. 

In 1910, G. H. Berry® in the course of his investigations 
on the pianoforte sound-board remarked that different sections 
of the sound-board have different lengths and thicknesses and 
hence have different frequencies. He also took some photo- 
graphs of the vibrations of the sound-board at different places 
and found them different in shape. But he did not study the 
vibrations of the sound-board as a whole. Subsequently Sir 
C. V. Eaman * devised a method for obtaining the vibration 
curves of the sound-board with the instrument as actually 
played upon, and set out certain general conclusions regarding 
the theory of the sound-board. In 1929, the author also 
photographed the vibrations of the pianoforte sound-board, in 
the laboratory of the Indian Association for the Cultivation of 
Science, Calcutta, and derived a certain number of conclusions 
from the analysis of the vibration curves. The details of the 
method used, and the conclusions drawn were published in a 
previous paper ® by the author. 

In the present paper, the author has studied the vibrations 
of different parts of the pianoforte sound-board, in order to 
know whether the entire board vibrates with one frequency as 
a whole, or its different parts (as the sound-board consists of 
different pieces of wood joined together by means of ribs 
which are attached at some inclination with the vertical plane 
of the board) vibrate with different frequencies, and whether 
maxima which are prominently present in the vibration of one 
part persist in the case of the vibrations of the other parts as 
well. Certain improvements ^ected in the method are also 
described below. The present work throws much light on the 
investigations of D. C. Miller ® and others. 

i Phil. Mag., ao, 652 (1910) and NatoM, 86, 641 (1011). 

< Hondboob der Pbys., 8, 864 (1627). 

< Ind. Jonr. Phys., 4. 516 (1930). 

5 Tbe Sotenoe of Mnsiool Boondf,”. tgr h, 0. Millet, 
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2. Experimental Arrangement. 

In order to study the nature of the wave motion of the 
different parts (fields) of the sound-board of the pianoforte, 
when the same k^y on the key-board is pressed, the method 
adopted here is thn same as the one already described in my 
previous paper, fhe following improvements are effected in 
the apparatus described therein. It was found that some fric- 
tion acts between i^e surface of the fine cylindrical needle and 
the metallic support S as it was made of brass.’ This friction, 
sometimes did not allow the needle to move freely and uni- 
formly on the support. Therefore in order to avoid this friction, 
a glass slab is now attached to the upper surface of the support. 

The electromagnetic arrangement formerly used for relea- 
sing the photographic plate when required, and for moving it 
at a unifo rm speed behind the slit S was somewhat complex, 
but now the arrangement is much simplified and is shown in 
Fig. 1 below. 


L 



' Sm Fig. 1 oo p»g« SIT, iDd. Jour. Pfaya. , 4, (1980). 
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The plate P is held at the end E of the wooden frame F, 
and ia released when desired, by the electromagnetic device, 
the construction of which is quite evident from the figure. 
Instead of using two electro-magnets, and a complex arrange, 
ment for letting loose the photographic plate, a simple cylindri- 
cal electromagnet is held by means of a wooden clamp and an 
iron stand. A soft iron nail (n) of wide flattened head is fixed 
into the nearer end (c) of the plate holder. The other end of 
the plate is tied to a string which is made to pass over a pulley 
Q and supported the weight W. When the electromagnet is 
excited, the iron nail head is attracted by it and the plate hol- 
der is thus held in position. When the current is stopped, the 
plate holder is let loose, and is moved towards the pulley Q, 
due to the weight W, attached to the other end of the string. 
The two rods I and I' guide the motion of the plate holder. 
The weight W is made to move down in a cylindrical vessel V 
filled with oil in order to decrease the rate of motion of the 
plate on the frame F. The speed of this plate could thus be 
regulated and varied by varying the density of the liquid used 
in the vessel V. 

The rest of the arrangement for the above and the 
electromagnetic arrangement for pressing any key of the key- 
board are the same as those described in the previous paper. 

3. Construction of the Sound'Board used for the Experiment. 

The arrangement of the ribs on the sound board is diffe- 
rent in different cases. The construction and the arrangement 
of the ribs on the sound board of the pianoforte which is used 
for the experiment is shown in Fig, 2. The arrangement illus- 
trated in this figure is mostly prevalent at present for the 
position of the sounding board and ribs. The ribs are 
arranged in an inclined direction making an angle of about 
60*^ with the horizontal plane of the pianoforte. These ribs 
divide the board into different fields. Thus all these ribs set 
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the whole board into vibrations, almost diagonally, round the 
central rib. The following are the actual lengths in cms. of 
the ribs (the numbers are marked on the ribs in Fig. 2). 

No. of the rib. 1 2 8 45 G 789 10 11 12 

Length in cmB. 25 48 68 80 96 109 110 90 84 71 60 64 

The breadth and the thickness of almost all the rihs are 

about 2*5 cm. and the thickness of the longest rib is about 

3*0 cm. The positions on the ribs where the clamp of the 
apparatus is attached have been fixed by the measurements of 
the cartesian co-ordinates with origin D in Fig. 2, and are 
tabulated below in Table I. 


Table I. 


Position 

Cartesian Co-ordinates 

Bib No. on which the point lies. 

P 

x«56cms. ; y«35 cms. 

7 

Pi 

-47 „ j -49 „ 

6 

p* 

-80 ; -83 

5 

Ps 

-77 „ ; -38 

8 

Pl 

-28 „ ; -61 „ 

4 
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4. Besults. 

Several curves showing the vibrations of the different 
parts of sound-board when the same key of the key-board is 
pressed have been photographed in this way keeping the 
magnification same (about 500 times approximately) in all 
the cases. The negatives of some of these curves have been 
enlarged on to the graph papers by the help of a projecting 
lantern^ keeping the magnification same (5 times) in all the 
cases. They were then analysed by the mechanical process of 
Hawley O. Taylor.® A complete schedule for the analysis 
of the waves containing even as well as odd harmonics up to 
the 12th higher partial was utilised in calculating the over- 
tones and their amplitudes present. The frequency of the 
key was found with a tuning fork by the beat method. The 
results obtained for some of the curves are tabulated in 
Table II. 


Table II. 


Frequency* 128 

P 

Pi 

pj 


P4 

Cl 

e-isi 

4-733 

4 044 

8 763 

1-639 

ca 

8’222 

8*471 

1*086 

2188 

0-631 

Ca 

1*732 

1*285 

0188 

0*982 

0*066 

C4 

1U8 

0-166 

0-176 

0*808 

0*022 

1 

<56 

1-284 

1-132 

0-196 

0-873 

0046 

<56 

0-812 

0*728 

0*076 

0*209 

0 026 

<5? 

1-906 


0*142 

0 269 

0015 

Cg 

0-700 

0*268 

0-092 

0*028 

0-030 

Cg 

0-983 

1481 

0161 

0*416 

0-072 

CIO 

0-600 

0188 

0*080 

0*092 

0-022 

cu 

0-686 

0*301 

0*080 

0*022 

0098 

<511 

0-864 

0*069 

00*68 

0*017 

0-008 


> Fhji. Bur., 6 , 808 (19U). 
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In the above Table, Cj is the fundamental and Cj, Cg, c,, 
etc., are the overtones of the same, in each case. The ampli- 
tudes of the overtones are represented in centimeters. They 
are highly magniided but the magnification is the same in all 
cases. Hence the ratio of the amplitudes of all the harmo. 
nios in the curves temain the same. It does not interfere in 
the least with our ;Te8ults. From the results obtained by the 
mechanical analysis given in Table II, five curves are drawn 
showing the relation of the amplitude of the harmonics with 
their frequencies, ^nd are shown in Fig. 3. The abscissa repre- 
sents the frequencies of the harmonics and the ordinate their 
amplitudes in centimeters. To minimise the space and to 
understand better the internal of the keys, the frequencies 
are plotted on the octave scale. The confusion in the curves 
is avoided by plotting only a few curves for a certain key on 
the pianoscale. Thus curves 1, 2, 3, 4 and 5 respectively re- 



Fig. 8 
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present the amplitudes of the various harmonics present in the 
vibration curves of points p, pi, pa, Ps and pi when the key of the 
frequency 128 per sec. is pressed on the pianosoale. In all the 
first three curves, there are five maxima present (1st, 5th, 7th, 
9th and 11th). In curve No. 1 all the five are prominent whereas 
in 2 and 3 the first four are prominent. The amplitude of the 
Ist harmonic is very high in all the three cases. In curves 4 
and 5 there are only four maxima instead of five as in the 
previous cases. In the case of curve 4 all the four maxima 
present (1st, 5th, 7th and 9th) are prominent whereas in the 
curve 5, out of the four maxima present (Ist, 5th, 9th and 
11th) only the fundamental is very prominent and all the rest 
die away very rapidly. 

6, Discussion of Results. 

The general appearance of the photographs obtained is 
the same for a given frequency except for a little variation in 
the amplitudes of different vibrations. Hence we can con- 
clude that the nature of the vibration of all the points on the 
same sound-board, when any key of any frequency on the 
pianosoale is pressed, is the same except for slight variations 
in their amplitudes. Hence all points on the sound board 
have got the same kind of vibrations. The difference of 
amplitudes of vibrations is due to some other factor which is 
explained below. 

Table II shows that the amplitude {kpf of the fundamen- 
tal harmonic of the vibration curve of point p is the maximum 
of all the fundamentals of the vibration curves of the other 
points. The amplitudes of the fundamentals of the vibration 

curves of other points are in the order Ap>Ap,>Ap,>Ap,> 

Ap,« Table III shows the corresponding lengths of the ribs, 
on which the points p, p^, p,, p, and p 4 lie. 
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No. of the curve 

No. of the poiot 

Length of the rib in 
cms. 

Amplitude of the fun- 
damental in cma. 

(magnified) 

It is clear from the above figures that the greater the 
length of the rib, the greater is the amplitude of the funda- 
mental of the vibration of the rib. The exact relation of the 
amplitude of the fundamental of the vibration curve of any 
point on the sound-board, with the length of the rib on which 
the point lies, is shown below by a curve in Fig. 4, From 



LENGTH OF THE RIB Cms . 



Fig. 4 


oonoluded that the har- 
™<» and inanma which are prominent in one outre, are 

Pointa'TT ft* ™ **** '’**‘*' ’ ” **‘® »i<>rationa of all the 

the vanoas ribs are exactly similar in nature. 
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Hence vibrations of all ribs are exactly similar in nature. In 
general we may conclude that the whole sound-board vibrates 
as a whole in one piece round the ribs, though it consists of 
good many pieces of seasoned wood attached together and 
though the ribs divide the sound board into different fields. 
The ribbing divides the sound-board into fields, and through 
a correct relation of these field to one another, the degree of 
perfection of the resonance is partially determined. The 
sound-board is not alone given a certain stiffness by the ribbing, 
but its elasticity also stands in close connection with the 
same. 

It may however be noted that in the curves corresponding 
to Pa and p4, the higher harmonics have disappeared. This 
shows that when the ribs of smaller length vibrate they do 
not produce higher harmonics of prominent amplitude. Thus 
in order to produce higher harmonics of prominent amplitude, 
the ribs of larger length are to be used. In order to increase 
the length of the ribs for a certain sound-board, the ribs are 
attached to the board diagonally, and not vertical or parallel 
to the foot of the pianoforte. 

In conclusion the author desires to express his best and 
heartfelt thanks to Sir C. V. Raman, D. Sc., IF.E.S., N.L., who 
provided facilities in his laboratory for photographing the 
vibration curves of the pianoforte sound-board. 


Physics Laboratory , 
MoBmDBA CotUGB, Patiala. 
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Intensity Relations in the Raman Spectrum 
of Hydrogen. II. 

BY 

S. BHA(iAVANTAM. 

(Plate XXXII.) 

(Received for jnihUcation, 21si December, 193S.) 
Abstract. 

An accurate determination is made of the intensity and polarisation 
characters of the various lines in the Eaman spectrum of hydrogen gas. 
All the rotation lines are depolarised to the same extent, the value of p 
in each case being 0*85±0‘05. Their relative intensities are in good agree- 
ment with the conclusions of the quantum theory of the Eaman effect 
developed by Manneback. The depolarisation of the vibration line 
n; 0— 1; K; 1 — >■ 1 is 013 and its intensity, expressed as a fraction 
of that of the corresponding Eayleigli line, is 27 x The discrepancy, 
already reported in an earlier paper, between the experimental results 
and the conclusions of the theory in respect of the relative inten- 
sities of the Q and B branches of the vibration scattering has been 
confirmed. A preliminary investigation of the state of polarisation of 
the individual components of the Q branch shows that the line arising 
from molecules in the zero rotation state is depolarised to a certain extent. 
This result is not in agreement with the theory and has to bo regarded 
as a further discrepancy. 

J. IntroducUon, 

In an earlier paper/ which will be referred to in the 
following pages as Part I, the author has described in detail 


* Ind, Jour. Pbjs., 7, 107 (1932). 
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the technique employed and the experimental results obtained 
in studying the intensity and polarisation characters exhi- 
bited by the Raman lines in the scattered spectrum of hydro- 
gen gas.: At that time, certain aspects of the problem such 
as the states of polarisation of the various lines had not how- 
ever been investigated by the generally accepted methods 
in which use is made of the blackening-intensity curves for 
the photographic plate, and further, the results concerning 
the vibration line — its fine structure and intensity — were left 
incomplete. The importance of such investigations, parti- 
cularly in a simple case like that of hydrogen, has led the 
author to repeat the entire work by the method of blackening- 
intensity curves and to extend the investigations so as to 
include the study of the fine structure and intensity of the 
vibration line as well. The new results are described in this 
part which may be regarded as a sequence to Part I and 
supplementing it in many respects. 


2. Experimental Technique. 

The details of the construction of the gas container have 
already been described in Part I. The main improvements 
effected in the technique will be noted here. In Part I the 
horizontal and vertical components of the scattered light were 
photographed separately by inserting each time a suitably 
oriented nicol in front of the slit of the spectrograph. It is 
obvious, that under these conditions any fluctuations in the 
intensity of the lamp or a slight disturbance of the illumina- 
ting arrangements will interfere with the results. In order to 
overcome this difi&culty in the present work, a double image 
prism is used to separate the two components which are then 
focussed on to the slit one above the other and the two spectra 
are thus simultaneously photographed. The ratio of inten- 
sities of the horizontal and vertical components of each one 
of the lines and of the rarious lines amongst themselves is in 
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every case determined with the help of the blackening- 
intensity curves. The curves for any desired wave-length 
are obtained in the manner already described in Part I. It 
may be noted here that since in this case, the horizontal and 
the vertical components are both simultaneously exposed for 
identical periods, a correction due to the polarisation induced 
by oblique refraction at the prism surfaces has to be intro- 
duced in the final values. This correction factor is determined 
by a separate experiment. In Part I, it has been taken 
account of in the unequal times of exposure given for the 
two components. Another important source of error which 
needs to be carefully considered in a study of the state of 
polarisation of the well polarised Raman lines is a certain lack 
of transversality in the incident beam. This source of error 
has been dealt with in great detail in Part I, and it was shown 
that the use of a large condenser and a 6 inch long mercury 
arc introduces only an error of about +0 03 in the depolarisa- 
tion values. The estimate was partly based on numerical 
calculations and partly on certain crucial experiments 
conducted regarding the depolarisation of the Rayleigh 
scattering by liquid CCl,. It is however felt that the tests 
should bo carried out afresh under conditions as nearly identi- 
cal as possible with those prevailing in the actual experiments 
on gases. The experimental tube is therefore filled with 
methane gas at 4i0 atmospheres pressure and is illuminated 
by the light condensed from a G inch mercury arc by means 
of a condenser used in the experiments on hydrogen gas. 
The depolarisation of the scattered beam is determined under 
these conditions by the Cornu method, a large number of 
readings giving an average value of 0 066. Taking the 
standard value for methane as 0‘015, it is seen that the error 
arising from oblique angles involved in the use of a long 
mercury arc, a large condenser, a thick walled quartz tube and 
possibly also from the presence of some parasitic light is only 
about + 0*06 in the region of low depolarisation values. This 

0 
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result is very important in deciding upon the exact depolarisa- 
tion of the vibration line, and will be used later in this connec- 
tion . Unfortunately, it is not possible to obtain the vibration 
line with sufficient intensity in a reasonable time unless use 
is made of the above illuminating arrangements, and as such 
the correction involved becomes inevitable. 

3. Depolarisation of the Raman Lines. 

The figures contained in Table I give the depolari- 
sation values for the rotation lines, and are obtained from 
two different plates. The average value of p comes out as 
086. 


Table I. — Depolarisation of the rotation lines. 


Transition 

K ;0->2 


2— >4 

3' ■"■■^5 

Depolarisation p 

Plate I 

1 

0*85 

1 

j 

0-86 

0*80 

0*62 

Depolarisation p 

Plate n 

0-82 

0‘92 

— 

— 


The depolarisation of the vibration line is determined on three 
different plates, and the values obtained range from 0‘17 to 
019. An upper limit of 0*05 is applied as a correction due 
to the lack of transversality in the incident beam as already 
explained, and the final value is given in column 4i of 
Table II. 

Table II. — Depolarisation of the vibration line. 


Transition. 

Average 
observe p. 

Correction due 
to angles, etc. 

Corrected value 
of p. 

K:l— >1 



018 

018 

0*06 

d : 0->1 
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4. Behtive Iniensities of the Raman Lines. 

In Table III, the relative intensities of the various 
rotation lines aro given. They represent the average of the 
figures obtained separately for the vertical and the horizontal 
components. Ai it has already been noted that the rotation 
lines are all depolarised to the same extent, it is clear that 
there should be no difference between the two oases. The 
figures are in good agreement with those contained in Part I. 

Table III. — Relative intensities of rotation lines. 


Transition. 

K:0-^2. 

l->3. 

2— >4. 

3— >5. 

Intensity 

0-78 

2-0 

0-31 

0-24 


A comparison is also made of the intensity of the vibration 
line with that of a vibration-rotation line in the horizontal 
component of the scattered beam. The following Table shows 
the results. 

Table IV. — Relative intensities of vibration and 
vibration-rotation lines. 


Transition. (Horizontal i 

Belative intensities 

Relative inteDsities 

components.)! 

observed. 

corrected. 

K : 1 ^1 ; n : 0 

1 1-6 

1-2 

E:l— 

! 0'8 

i 

0-8 


In column 2 of the above Table, the observed intensities 
are given. It has already been pointed out that the apparent 
depolarisation of 0*18 exhibited by the vibration line has to 
be corrected to 0*13 in order to arrive at the true depolarisa- 
tion and as such, the intensity of the horizontal component of 
the vibration line K : ; n :0->l as given in column 2 
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of Table IT has to be diminished in the ratio of 18/18 in <»de« 
to eliminate the above sooroe of error. The figfttpi so 
corrected are contained in colnmn 3 and are in good agrei^lit 
with those already given in Fart I. The important nsralt to 
which attention may here be drawn is the larger intensity of 
the vibration line in comparison with that of the vibration- 
rotation line even after correcting for all tbe errors discussed 
above. This result has been clearly demonstrated in the 
reproduction of a microphotographic record already published in 
Fart I, and is to be seen equally definitely on three other 
plates subsequently obtained by the author during the present 
investigation. 


5. Fine Structure of tite Vibration Line. 

Vibration lines coming from molecules possessing different 
rotational energies do not coincide and as a result the Q 
branch consists of a number of closely spaced components, 
each one arising from a set of molecules in a particular 
rotational state. The distribution of intensity in the Q branch 
is thus largely dependent on the distribution of molecules 
over various rotational states and may easily be calculated on 
tbe basis of the Boltzmann law as has been done in Part I. 
In Table V, the observed intensities of the various lines in 
the vertical component of the scattered beam are given. 


Tablb V.— ‘B^lative intensities of the fine 
structure components. 


gTraautiUMk j 

n robots* ] 


1->1. 

s->a. 

8— 

* ^ j 

«)»< 

4*3 

0*9 

0-7 


^ ^ however not very aeourate is the back- 
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somowhSit uncortoiin owing to tho prosonco of the very intense 
line K : 1— >1 in their close proximity. Nevertheless, they 
compare well with those given in Part I, and are in agreement 
with the theory. Although the line corresponding to 
K : 0 — ^0 could be seen as a distinct peak in the microphoto- 
metric records, its intensity could not be estimated with any 
certainty. It has already been pointed out in Part I that the 
agreement with the Boltzmann distribution law need be 
expected in a general way to be fulfilled for the vertical 
components alone, and not for the horizontal components. 
The quantum theory developed by Manneback indicates that 
the first component, n : 0 — >1 ; K : 0 — >0, should be perfectly 
polarised while tho higher ones corresponding to IC : 1 — >1, 
2 — >2 and 3 — >3 exhibit gradually increasing depolarisation 
values. This means that the line corresponding to n : 0-->l 
K : 0 — >0 should be altogether absent in the horizontal 
component of the scattered beam. In order to test the above 
results, photographs of the horizontal and vertical components 
of the 0, branch have been separately obtained. Although 
the dispersion used is not sufficient to separate the various 
lines so well as to permit of an accurate determination of 
their relative intensities in each case, their presence is 
clearly seen in the microphotometric records obtained under 
favourable conditions. Figs, (a) and. (6) of Plate XXXII re- 
present respectively the structure of the vertical and horizontal 
components of the Q branch excited by \3650. The exposure 
times are kept different in the two cases so as to make their 
intensities comparable. Contrary to the theoretical indications 
cited above, the peak corresponding to n : 0— »1 ; K ; 0— >0 
is noticeable equally well in both vertical and horizontal com- 
ponents as also the other peaks corresponding toE:l — ^1, 
2-- >2 and 3— >3. The significance of this result will be dis- 
cussed in a following section. It may however be noted here 
that an wxaot determination of the state of polarisation of each 
of Uie fine steuotqre linos separately has not been possible, 
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and the use of higher dispersion towards the solution of this 
problem is desirable. 

6'. Intensity of the Vibration Line. 

In an earlier paper by the author,® an approximate esti- 
mate of the intensity of the vibration line in hydrogen in rela- 
tion to the Rayleigh scattering was obtained by a direct com- 
parison of the two. The procedure involved several correc- 
tions such as those due to the presence of parasitic light, 
widely different times of exposure, etc. It is proposed in 
this paper to make an accurate comparison of the intensity 
of the vibration line excited by \ 4046 with the rotation line 
K : 1 — ^3 excited by the same radiation. As in the foregoing 
cases, the relative intensities are obtained with the help of 
two different blackening-intensity curves drawn for the wave- 
lengths X 4145 (rotation line K : 1 — >3 excited by X 4046) 
and X 4865 (vibration line n ;0 — >1 excited by X 4046). The 
ratio of the intensity of the vibration line to that of the Ray- 
leigh line may be deduced from this result if the intensity of 
the rotation line in relation to that of the Rayleigh line is 
known. The results are given in Table VI. 


Table VI. — Intensity of the Vibration Line. 


Compari- 

son. 

Vibration lino (n :0 — ^11 

Vibration line (n :0 — ^1) 

Vibration line j ” j 

Rotation line {h ;1— ^3) 

Rayleigh line 

Rayleigh line 

Relative 

1 

i 


2-7 *10-“ 

Intensity. 

0*26 

4*2xl0'» 


The observed ratio of the intensities of the vibration line 
and the rotation line is given in column 2. The figure in 
column 3 is obtained by multiplying this by the ratio of the 


> Ind. Jour. Pbyt.. 6, 6S7 (1933). 
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iatensities of the rotation line and the corresponding Kayleigh 
line as determined in Part I. This however represents the 
total intensity of the Q branch and only a certain fraction of 
it will be attributable to the strongest component n :0— >l ; 
K : 1 — ►!. This figure is given in the last column and is in 
good agreement with the figure already r<*ported (loc. cil. 
Kef. 2). 


7. Discussion of the DesuHs and Comparison 
loith Theory, 

So far as the depolarisation values and the relative inten- 
sities of the various rotation lines are concerned, the results 
of this paper are in very good agreement with those already 
given in Part I and are to be expected on the basis of the 
quantum theory. For a detailed comparison of the experimen- 
tal results with the theoretical conclusions in this respect refer- 
ence may be made to Part I. The depolarisation of the vibra- 
tion line is given in this paper as 0'13 and has been obtained 
after deducting 0’05 from the actually observed value 0T8 on 
account of a probable obliquity in the incident beam. The 
important result that the intensity of the horizontal compo- 
nent of the vibration line is nearly one and a half times as 
strong as the horizontal component of the vibration-rotation 
line even after correcting for the above error is practically a 
quantitative verification of the anomaly reported earlier in 
Part T. This experimental fact, which appears to be quite 
definite, is at variance with the theory and a tentative expla- 
nation based on the idea of a spinning photon has already been 
offered. Such a discrepancy is probably intimately connected 
with a further result obtained in the present work (see Sec. 5) 
regarding the fine structure components of the Q branch. 
The results of the quantum theory which are relevant in this 
connection will be briefly noted here. Molecules which are 
characterised by a rotational quantum number zero should give 
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rise to a perfectly polarised Q branch. The observed depolari- 
sation of the Q branch, if any, either in the Rayleigh scatter- 
ing or in the vibration scattering, is to be attributed wholly to 
the radiation coming from molecules in higher rotational states. 
These statements may easily be verified from the detailed 
expressions given by Manneback for the intensity and polari- 
sation of various lines. Contrary to the above conclusions, a 
separation of tlie Q branch in the vibration scattering into its 
various constituents, as explained in section 5, actually shows 
that part of its depolarisation has to be attributed to the radi- 
ation coming from molecules in the zero rotational state. In 
other words, the line n \ 0 — ; K : 0 — >0 exhibits a certain 
depolarisation although the molecules that scatter the light 
are both initially and finally in the zero rotational state. This 
result as also the previous one in which the depolarised part 
of the line n : 0 — >1; K : 1 — >1 was found to be stronger than 
the corresponding rotation line n : 0 — >1 ; K : 1 — ^3 cannot 
be explained on the basis of the existing theory. It is 
necessary that some new mechanism has to be postulated 
which would give rise to an excess of the depolarised or the 
incoherent part of the Q, branch in comparison with the P and 
R branches. The explanation offered in Part I is based on 
the idea that the light quantum has a certain spin whose 
sense at the time of the encounter in relation to that of the 
rotating molecule plays an important part if the result of such 
an encounter is to be treated as obeying the law of conserva- 
tion of angular momentum. Such restrictions imposed on the 
encounter automatically result in the appearance of half or 
more than half of the unpolarised part of the scattered light 
in the form of a Q branch irrespective of what the quantum 
state of the scattering molecule is, and in this way both the 
above results may be accounted for. 

It may however be noted here that some authors are of 
opinion that an experimental realisation of the angular 
momentum of a light quantum in any individual encounter 
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is not possible on account of tho principle of uncertainty 
coming into operation and as such, arguments of the preced- 
ing kind based on a detailed conservation of tliis quantity are 
defective. On the contrary, the fact that precisely such 
arguments lead to a simple and very straight-forward explana- 
tion of the selection rules and certain polarisation characters 
observed in the Raman effect appears to lend a strong support 
in their favour. 

In conclusion, attention may be drawn to the extra- 
ordinarily large intensity of the vibration Raman lino in 
hydrogen which is only about 1/300 of that of the correspond- 
ing Rayleigh line (See Table VI). Such intense lines are 
only apparently encountered in liquids where tho coherent 
part of the Rayleigh scattering is considerably diminished l)y 
interference. Amongst gases however, hydrogen stands as an 
exception, as in all other cases investigated by the author, tho 
Rayleigh line was found to be at least a few thousand times 
as strong as the vibration line. Such an exception is connected 
with the low moment of inertia of the hydrogen molecule and 
its consequently high rotation frequency. As a result of this, 
the parameter x^ = Vrot /I'o.o entering into the expression for the 
intensity of the vibration line assumer- a comparatively large 
value, and the line becomes very intense. “ The other factor 
controlling the intensity of the vibration line, riz., the 
variation of the optical polarisahility with varying nuclear 
distance, is however of the same order of magnitude as in 
other diatomic gases such as O 2 , No, etc. 

The author desires to express his grateful thanks to Prof. 
Sir C. V. Raman for his kind interest in tho work. 


■> C. Manneback, Z. f. I'liya., 62 , (103n). 
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“ Further Investigation of the First Spark 
Spectrum of Arsenic ” 

By 

A. S. Bao, M.A., M.Sc., 

University College of Science, Waltair. 

Plates XXXIII, XXXIY, and XXXV. 

{Received for publication, '.iSrd Dec., 1932.) 

Abstract. 

By photographing the spectrum of arsenic under varying excitations 
in the region A8400 to AdOOO, the analysis of the lines of As II previously 
published by the writer, has been considerably extended. Higher members 
of the mp terms have been identified Combinations involving the 
transition of one of the inner group of electron configuration have 

also been detected. Interesting cases of interpenetration of the different 
sub-levels, indicating a strong tendency towards the ‘ JJ ’ coupling is 
observed. 


1, Iniroduclion. 

In continuation of the previous work by the writer on the 
First Spark Spectrum of Arsenic ‘ the following paper gives 
an account of the extension of the regularities that have been 
discovered in the spectrum of As II. In addition to the 
deep 4p, 5s and 4d terms that were reported previously, all 
the terms of the 6p state, the sp” ’P, sp^ and some of the 
4f terms have been established in the present work. 
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2. E.rpcrwicnlal. 

The spark spectrum of arsenic has been photographed 
using varying degrees of excitation, in the region X8100 to 
X4000, by a glass Littrow spectrograph giving a dispersion of 
about 36 A per min. at XG500 and 5 8A per mm. at XdOOO. 
For the extreme red Kryptocynine plates ivc're used and expo- 
sures of 6 to 8 hours were found necessary. Only two lines 
at about X 7000, belonging to As fll were recorded on these 
plates. The sources used in these experiments are the 
vacuum tube containing pure metallic arsenic and spark 
between electrodes of pure arsenic, in an atmosphere of hydro- 
gen. The lines emitted by the latter source are generally 
very diffuse. 

These experiments together with the work described in 
the previous paper ^ have led to the identification of the com- 
binations of the 5p terms with those of the 4p and the sp“ 
configurations. 


3. Slruclurc of ihc Spccirum. 

The terms which are to be expected in the spectrum of 
As II, according to Hund’s theory arc shown in Table I. 

Table I . — Predicted Terms of As 11. 
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All combinations identified in the spectrum of As II are 
given in Table II. 

Taulk II. — (]<>nif)initlions in .Is II. 
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7f)072*<> 

8281(1 (5) 

80 ) r, (K) 

8I7.-.3 (2) 

789(17 (Id) 
,Sd27s(l) 

i 71 112(1) ■ 

1 7272( (Id), 

(id219 (s) 


,1F, 

' 1<'3 


730Gd 

7J?d 

7A24I) 

SS'llfi 


I 


Id 

6372H 

483 


Gsm 


S\2 

5Di 

02398 

'Di 

60303 


(SI 


877G5 (2) Pd2Sf, (-2) 

P70(i7 (1) 
I(i 7 ;i 3 :) ( 1 ) 

'Will 12 (6) 

')81P7> (Id) 07008 O) 

07 Pr.l (Id) 
!H) 0 U ( 0 ) 


711173(2) I 
‘.»'j 771 (H) ; 

I 881H;I (2) ; 7(1 1 7d (4) 


90201 (0) i 
02387(10) 


’I’o 

,50517 

1 

1 


80 

{ 

sp, 

.50407 

i 112322(01 


47.5 

! 

^Pa 

.50042 


'Pi 

(-.1302 

; 101185 0) 


111170(1) 

lll.’7.s (2) 

110781 (2) 
100123 (3) 


109782 (1) 

109309 (1) 
'J89I-’' (2) 


Jdt7.70 (01 
91,391 ((!) 


78889 (Id) 


ap5 89040-4 
112-5 
88927-9 
:i82-0 
•■'Da 8864.5-9 


73745 (2) 


_ — (-,3(151(1) 

72799 (4) — 037(1.3 (2) 

71705 (3) 01148 (4,) 
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Table 11 — Continued. 

Multipleis due to the Tramition 'dp-^Os. 


Terms 

So ’P| 397-4 3pj 3 p^ 

840000 83002-6 81282-3 

Ss >Pi 

79972-0 

5p3Di 

C5876‘6 

18188*5ao) 

17786*1(4) 

15405*6(2) 

... 

SDj 

C5G7C1 


17086*1(10) 

15606*2(4} 


3^3 

6359‘2‘6 



17689*4(10) 

... 

1 D 2 

60390*4 


23263*2(4) 

20882*8(6) 

19572-6(10) 

6p^P« 

C4552-0 


10100-7(8) 



3pj 

63610*4 

20440*5(8) 

20052-8{k) 

17671*718) 

16361-8(10) 


62y3(»’7 


21131 *6(10) 

IM751*1(10) 

17441-2(6) 

'I’l 

67-lC()'0 

lfj500’0(l(l; 

16201 *8.10) 

... 

... 

5p 

61701*0 

22358 0(4j 

21960 5(8) 

l!)58O*I(10) 

18270-1(6) 

'So 

57001*8 


26660*8(0) 


22970-2(10) 


Multiplets due to Combinations between sp* and 5p Terms. 


Bp3 30J lU'S ’Dj 38S-0 % 

89040-4 88927-9 8864,5-9 


6p 3 Dj 65876-6 

23163-9 (8) 

23061*7 (9) 


»Dj 66076-1 

23364-4 (41 

23261*9 (5) 

22869-7 (8) 

63692-6 


26336*4 (3) 

24963-4 (8) 

‘Dj 00899-4 


28628*2 (3) 

23146-6 (4) 

6p spj 64652-9 

24487-6 (0) 



3Pl 68610-4 

25429-8 (6) 

25317*4 (8) 


>P> 62580-7 

26610-0 (4) 

26397*4 (6) 

26016-2 (8) 

6p »Si 6170X-9 

27888-7 (3) 

27226*0 (6) 
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Transition 4/— >4d. 



it*Pt *-65 Ws 1066 *F4 

41165 41220 40166 

41269 

B 

41168 

4d *Oi 68723 

22658-2 (10) 


— 

68240 

22076-7 (4 ) 22020-4 (10) 

21972-6 (4) 

— 

ap, 62398 

— 21178-8 (2) 22242-7 (10) 

— 

21285 8 (10) 

>D2 60303 

— 19083-6 (4) 

19088-9 (3) 

19189*8 (5) 

id SFj 73960 

82795-0 (4) 32740-2 (4) 

32690-8 (9) 

— 

SFa 73940 

— 32020-0 (4) — 

81970-6 (6) 

82076^7 (10) 


Other Regularities. 



0 

D 

B 

F 

a 


38723 

38651 

38582 

37921 

37546 

4(1 aPi 63240 


24590*1 (5) 

— 

— 

25696-6 (8) 

3D| 62898 

— 

23747-9 (4) 

23816-4 (7) 

24478-1 (6) 

24854-8 (8) 

>I>] 60803 

21679'8 (5) 

21661-6 (6) 

21720*2 (10) 

22382-1 (9) 

22766*4 (3) 

iPi 61302 

22680-4 (10) 

22660-7 (8) 

— 

— 

1 28757-6 (7) 

78060 

— 

35310-1 (8) 



— 

»Fj 78240 

— 

34589-4 (6) 

84657*8 (8) 

35319-7 (8) 

— 


The identification of the important triplet groups 4p 
®P-68 *P and 4p ®P— is fully discussed in the former 
paper. These groups are shown in Plates XXXIII and 
XXXIV. The behaviour of the lines under different excitation 
unmistakably confirm the classifications of these lines. 

Oonsidering the new levels of the did state tiiat have now 
been identified^ the level id "F had to he located onlj^ by its 
^mhination with the debpest 4p^ terms. Itlw intensities 
of inch oomhination lines are hsutdly Butv 










PLA’l'E XXXIII. 
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identificatioa of the 44 terra is based on the interval 
720 0m“^ (4d ®Fa— “JB'g)' which is found to be a characteristic 
difference giving strong pairs in other regions of the spectrum. 

The partial inversion of the 4id ®P term is in keeping 
with the corresponding^, term in Ge I and Se III® ; but it is 
peculiar that the intensity of the line (4p ®P2-4d ®Pa) is 
abnormally low, while tl|e inter-combination lines are much 
stronger. 

All the terms of Jthe sp^ configuration have not been 
detected. But the identification of .sp* ®D is strongly sup- 
ported by the existence of its combinations with the 4p ®P, 
4p ^I) and particularly with almost all the 5p terras. The 
terras arising from this configuration, according to theory, are 
expected to show partial or complete inversion. If the identi- 
fication suggested in the present work prove correct, both ®P 
and ®D are normal. The same feature is observed in the 
iso-eleotronio spectrum of Se III in the .vp® ®D term. The .sp* 
®P, however is not definitely known in Ge I, while in Se III, 
it does show a partial inversion. 

The spark spectrum of arsenic is exceedingly rich in lines 
in the visible and the quartz regions, which from experimental 
evidence, have to he assigned to the singly-ionised atom of 
the element. Our knowledge of the intervals of the Ss ®P 
term affords a clue to the extension of the analysis of the 
spectrum into this region. A search for lines giving the 
difference 2380 and 397 cra“* (equal to 5s *Pj - 5s ®P 2 and 
6s ®Po — 6s ®Pi) has led to the identification of groups of terms 
due to the configuration 5p. The location of the group 6s 
*P—5p ®P at first presented considerable difficulties. In the 
former paper the level v. 63610 was designated as 6p as the 
intensity of the line X 6110*30 was much larger than 
any of the other three, lines XX 5657*20, 4985*60, 4888*74. 
Adopting this designation the group 5s®P-5p‘P could not 
satisfactorily be located. A similar difficulty is met with in the 
epeotrum of Se HI (which wns under investigation by Dr. J. 8. 
" ,7. ■■ Vv’ ; ‘ " - ' ' ^ . ■■ 
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Badami and Dr. K. E. Eao and which has since been complet- 
ed)* where the line v. 2^704*4 was found to be much stronger 
than any of the lines v, 25969*3, 29678*9, 3G083*0, of 4he "P ®P 
combination. Therefore a change of 6p *Pj to 5p ®Pj at once led 
to the identification of the group 6s - 6p ®P. This is further 
supported by the presence of the line \6483*9 (58 ‘Pj-Sp ®Po), 
which appeared on two long exposure plates exactly at the 
predicted position. The magnitude and the ratio of the 
intervals of the component levels of the 6p ®P term mre 
perfectly regular and in complete agreement with the corres- 
ponding term in Se III. It is indeed very peculiar that the 
intercombination line 5s - 6p ®Pi is much stronger in the 
spectra of As II and Se III than the ®P ®P combinations. 


Table III. 
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Attention may here be drawn to the interesting variation 
of the interval ratio of the mp ’P terms in the spectra of the 
type under consideration. A progressive departure from the 
VRlue of 2 ;1 IS observed with increase in the nuclear 
char^ as w shown in Table III, indicating a gradual 
departure from the normal Russel-Saunders or (SL) type 
of coupling. 

itoe ratio becomes less than unity in the 5p terms of 
Se III while in the case of Br IV this feature is noticed in the 
4p terms themselves. 

The terms 5p 5p and 6p *S wero also located and 
a strong evidence in favour of the correctness of the iclentiti- 
cation of these levels is the detection of the complete multi- 
plets arising from the combination of the sp^ with terms 
of the 5p state. There is found to be good agreement in the 
position of these levels with the corresponding levels of Se III. 
The groups 63 ®P— 6p ®D and 5s ®P— 5p ®P are shown in 
Plate XXXV. 

The identification of the 5p *So level is based on the 
separation 3690 cm"’ ( = 6s ’Pj — 5s 'Pj), as no other combi- 
nations with this level fall in the accessible regions. The 
level given in the previous paper by the writer had to be 
modified as the assignment of the line forming the combi- 
nation 6s ®Pj—6p ^ So, to tho first stage of ionisation of the 
atom was considered doubtful, on a further examination of the 
plates. 

There is a strong pair in the red region XX 6170 and 6022 
belonging to As II with separation 397 cm~‘ ( = 6s ®Po— Ss 
®Pi)‘, which has been chosen for the 5p ^Pj level. This makes 
the value of this term (=67461 cm"') higher than all the 
other 5p terms ; but the identification is supported by the detec- 
tion of a similar level in Se III, higher than the other 5p terms, 
for the 5p 'Pj. That the level should have an inner quantum 
number 1 receives support from the data on the hyperfine 
structure of these lines, studied independently by the writer ^ 
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and by S. Tolansky.® Other combinations of this level with 
the 63 *P2 add Ss falling into the far red have not been 
detected. 

There are still some strong lines of As II in the visible and 
the quartz regions which have not yet entered into the scheme 
developed above. These are believed to bo due to the 
transition If — > Id of the scries electron, which gives rise to 
rnultiplets of the type ''D '’F, '*!> T '’D, etc. The identifica- 
tion of these levels is found to bo very difficult particularly 
in view of the fact that there is a good deal of uncertainty 
as regards the intervals Avliich might be oxliibited by the 
components of the If term. In no spectrum of the type 
of As II, liitherto investigated, h:iv(5 the tf terms been 
identified. Attempts are tiiercfore directed in the first instance 
towards detecting the regularities liasod on the equality 
of frequency differences. Such regularities are given in 
Table II, giving the chief rnultiplets of As II. Since the 
allocation of the various energy levels is found difficult, only 
arbitrary symbols have been used to designate them. But it 
is believed that these levels would prove to be those due to 
the 4 / configuration. The 4 / ‘F level has lieen tentatively 
suggested. 

Attempts made to detect the higher members of the ‘ m.v ’ 
series of terms resulted in the identification of only the 6* ’P3 
level. No satisfactory level could be found for the 6.v ^Pj level. 

4. Term Values. 

An estimate of the term values of As II is made possible 
by the detection of two members of the mf mp ^1) and also 
from the two members of the ms ''P2 terms. By the applica- 
tion of the simple Rydberg formula the following limits are 
obtained. 

5s 'L\-4p iDg = - 72724 
5s 'P,-5p JDg = 10572. 

The value of 5s 'Pj derived from the above is 79975 c/w"h 
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The triplet series 5s %== -78967 ; 5s %’-5p 

*Pa = 18761 gives the value of 80919 cm-^ for the 6s Tj level 
from which the 6s Ti « 79609 cm~K 

The values derived for the 5s Tj from the triplet and 
singlet systems are 79609 and 79975 cm~^ respectively. These 
are in close agreement with each other considering the pro- 
bable error involved in the evaluation of these limits from a 
simple llydberg formula. The latter value was adopted by 
the writer formerly before the triplet systems were identified. 
Since practically the same value is now obtained from the 
triplet system as well, no change has been made in the term 
values given in the former paper on As II. New levels iden- 
tified since the completion of the above paper have also been 
evaluated. The deepest term is 4p T„ = 162788 cni~' yielding 
a value of about 20'1 V for the ionisation potential of singly 
ionised As atom, which is in keeping with the following varia- 
tion of the ionisation potential with atomic number. 

7 

Table IV. 


0 I 

11*2 

N II 

‘2l)-5 

1 () III 

54 *58 

Si I 

B'lii 

P II 

V.r&l 

III 

34-UO 

Ge I 

8-09 

As II 

20*1 

So III 

33-93 


In Table V the term values in the iso-electronic spectra 
of Ge I, As II and Se III arc given for purposes of com- 
parison. 
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Table V. 


Term Values in Se III, As II and Gc I. 



Se 

III 

As 

11 

(Je I 

Term 







V. 

A I'. 

V. 

A*'. 

V. 

Av. 

4p ’Po 

27492i 

1741 

162788 

j 

i 1U63 

66568 -0 

6571 

3r, 

273183 

2196 

101725 

i 

1 J177 

fi5000'9 

! 

862*8 

3p, 

270987 


16024H 

j 

i 

j 611481 



261892 


162C93 

1 

5843:3 -8 

1 


‘So 

... 

1 

140189 

i 

i 



183803 

1602 

8904()'4 

119 5 

j oSOO-O 


3Dj 

182201 

3825 

88027 0 

I 

382 0 

i 5800 0 

1 

' — 330 

’Do 

178376 


68545 9 


5902 9 


’i’o 

1G8412 

109 

78339 

1S4 

7882 9 

-278'0 

’P, 

168333 

—76 

781 .)5 

i 

470 

81(1119 

-742*2 

3P* 

168409 


77685 


8900-J 


‘Pi 

... 


79690 


0084'4 


6« ’Po 

1486171 

504 6 

84060 0 

397-1 

28106-13 

250-69 

’Pi 

148142'6 

3609*6 

83662*6 

2380-3 

27856-81 

11J5 51 

’Pj 

144533*0 

1 

81282*3 


264i0’33 


'Pi 

1432681 


7997-2*0 ! 

j 


26537 '66 


id 

136663*7 


73902 


I 15189-3 




1257*9 


722 


264*1 

‘Fa 

134405'8 

1 

73240 


16236-2 


‘Fa 

126249 1 


52916 


12966 0 


>Di 

134284-3 


63723 


J 6696-7 




->1230 


483 


-80*4 

’Do 

136614 '3 

2604*9 

63240 

842 

16676*1 

262*2 

•’D, 

1329094 


62398 


16413*9 


'D. 

186720'3 


60303 


17078*3 


aPo 

132608-2 

442*4 

50647 

80 

13678*2 

-276*2 

*Pi 

182166*8 

-621 

60467 

-475 1 

18863*4 

-267*2 

»P2 

132217-9 


60942 

1 

14120*6 


‘Pi 

137977*6 


61302 

i 

12711*0 
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Tenu. 

Se TII j 

Arf ir 

Ge. I 

V 


V. ! A J' 1 

1 1 

1 

V, 

A I'. 

3D, 

121712 1) 


()5S7C>'5 





;()0*5 

! 200 .i 1 



3D3 

121^03 1 


(i5676‘5 ! 





.'11 7^ 0 

2083*5 



sDj 

1182311 


G3502*G 1 




113733*8 


0! >300*4 




I'jniiio 


1 ! 



^Pi 

ii85r,3-f; 

1577 4 

1 fi:3010'.l ■ !U2 6 




11701(18 , 

, 1513 S 

! {5-'5307 ' 1079 7 




121102 0 


OTlO'I'S) : 

. 



115(521*1 


(•,170 1'.) ; 

i 

! 


‘So 


! 

.570(ll-« 1 



6,s aPj 1 



39565 ; 

13387-7 



I I 


Other Energy Levels of As II. 


Term 

Term Value 

1 

1 Term 

Term Value 

a 

6019.3 

4 PF 3 

40156 

b 

45047 

f 

89004 

c 

43904 

C 

38723 

d 

42019 

D 

38661 

6 

41483 

E 

38582 

A 

41209 


38241 

413F3 

4122U 

P 

37921 

SFj 

41165 

G 

37645 

B 

41163 

1 

... 

... 


Prom the above comparison between the energy levels of 
Ge I, As II and Se III, it is seen that the relative positions of 
the terms due to the sp® configuration with respect to those of 



574 


A. S. EAO 


the 4d or the Ss state gradually increase as we proceed from 
Ge I to Se III. 

Another interesting feature to be noticed about the 
energy levels is that the intervals of certain terms of the 4d 
and the 6p states are large compared with the separations 
between the terms themselves so that the different terms 
interpenetrate into each other, as for example the 5p ®P, 6p 
®I> of As II, etc. In the case of Se III also this feature is 
markedly seen. 

Finally in Table VI is given a catalogue of all lines that 
have been ascribed to the singly -ionised atom of arsenic 
together with the classification of the lines that have been 
analysed in the present investigation. 


Tabt.e VI. 
Catalogue of is 11 


A 

V 

ClasaiOcation 

6528'OC (3) 

15314*3 

... 

6612*42 (4) 

15351*0 j 

6p'D|-G 

6489-36 (2) 

15405*6 ' 

OsSPj-epJDi 

6488*86 (2) 

15418*7 

6s‘Pi-6p5Po 

0443*96 <2) 

15514*1 

... 

6430-00 (0) 

15547*8 

... 

6405-95 (4) 

15606*2 

683p2 — 6p^D2 

6264-77 ( 4 ) 

15983*4 

Bp33P2~5p3Si 

6170-47 (10) 

16201*8 

5s3Pi-5piPi 

6136-01 (6) 

16292*7 

... 

6110-80 (10) 

16861*3 

6fl^Pi-5p*Pi 

6081*06 (2) 

16440*0 

... 

6076*82 (6) 

16451*4 

... 

6078*68 (1) 

16460*1 

... 

6022-81 (10) 

16599*0 

6sapo-6piPi 
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X 

V 

OlaisificatieD 

6972-34 (3) 

16739*2 

... 

6966‘79 (2) 

16754*8 


6838-19 (9) 

17123*9 

... 

6826-18 (3) 

17159*2 

spS iPi-5p spj 

5783*51 (6) 

17286*8 

epS 3Pj|-5p *Dj 

6731-98 (6) 

17441-2 

6i >Pi-6p3P, 

6686-74 (8) 

17683*0 


6657*20 (8) 

17671-7 

5i3P,-6p3Pi 

5661*53 (10) 

17689*4 

5tf 5p 

6630-42 (3) 

17766-8 


5620-82 (4) 

177861 

6ii»Pi-6p’Di 

6568-31 (10) 

17986*1 

6|3Pi-6pSDj 

6497-98 (10) 

18183*5 

5» >Po-Sp‘D, 

6497-09 (4) 

18186*4 

- 

5491-81 (4) 

18208*9 

— 

8471-92 (6) 

18270*1 

5s iPi-6p3S| 

5461-40 (2) 

18888*8 

— 

6438-93 (1) 

18880*9 

5p 

6888-62 (5) 

18663*2 

5p b 

6381-64 (10) 

18761*1 

5s 8P3— 6p SPj, 

6962-33 (3) 

19033*9 

4d ID 2 -A 

6288-69 (4) 

19083*5 

4rflD2-4/3F3 

6231-60 (8) 

19109*7 

5jSPi-5p3Po 

8228-27 (6) 

19139*8 

4d iDr~B 

6216-56 (3) 

19168*1 

— 

6206-40 (4) 

19205*5 


6182-82 (7) 

19291*0 

gp3 iDj 

6161-26 (7) 

19360*8 

— 

6126-18 (8) 

19606*1 

5p *Po~5 

6107-80 (10) 

19572*6 

5»*Pi— 5p ^Dji 


8 
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A 

y 

ClMiificfttioD 

filOS-80 (10) 

19580*1 

St 5p 

6072‘07 (2) 

19707-2 

6p*Pi-c 

4986-60 (8) 

20052*2 

5t -Sp 

4982'24 (3) 

20269*1 

6p sSi—e 

4888-74 (8) 

20449-6 

6««Po-6p5P, 

484613 (4) 

20629*3 


4812*01 (4) 

20776-6 

— 

4802*25 (6) 

20817*8 

— 

4799*68 (5) 

20828*9 

Bp SDi-b 

4787*29 (6) 

20882-8 

6i 5P2-~6p 1D| 

4780*92 (10) 

21131*6 

5s ^Pj,— 6p 5P2 

4720*38 (2) 

21178-8 

id>Ds—i/*F, 

4707-82 (10) 

21236*3 

id >Ds-B 

4672-70 (8) 

21304*9 

6p ID,-/ 

4648-82 (7) 

21607*1 

— 

4683-67 (5) 

21679*8 

4(ill53-0 

4680-14 (10) 

21691*fi 

5p SP,--d 

4627-80 (10) 

21602*5 

— 

4619-63 (4) 

21640*7 


4617-30 («) 

21651*6 

id iDa-D 

4607-46 (10) 

21697*9 

— 

4602-73 (10) 

21720*2 

id iD|~B 

4691-02 (7) 

21775*6 

— 

4682-60 (2) 

fll816*l 

... 

4580-92 (4) 

21823*0 

... 

4674-80 (2) 

21852*8 

... 

4674-18 (2) 

21865*7 

... 

4667-96 (3) 

21885*6 


4660-27 (2) 

21922*4 

... 

4663-87 (8) 

21960*5 

fi *Pi-5p »Si 
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A 

P 

Classification 

4649-87 (4) 

21972*6 

id »D,-A 

4649*23 (10) 

21975-6 

... 

4648-76 (10) 

220021 

... 

4639*97 (10) 

22020-4 

id >D,-4/ iiPj 

4682-36 (4) 

22067-4 

• • • 

4628-61 (4) 

22076*7 

id ^Di-if 5Pa 

4616-14 (6) 

2213C'6 

6p 3Si-0s 3p, 

4609*33 (5) 

22170-1 

• •• 

4507-92 (7) 

22177*0 i 

r>p ^Pj-e 

4494*69 (10) 

■22242-7 

id -’03-4/ ‘Fi 

4476*09 (7) 

22336-7 

... 

4174-60 (10) 

22842*1 

... 

4471-43 (4) 

22358 0 

SPj-SpJSi 

4469*02 (1) 

22370-0 

... 

4400-60 (9) 

22382*1 

4d! iDj-P 

4461-92 (4) 

22406*6 


4461-27 (7) 

22406*9 

... 

4460-29 (6) 

21413*8 

... 

4468-74 (7) 

22421*6 

I 

i « * 

4466-86 (6) 

22481*0 

... 

4447-62 (2) 

22477*6 

... 

4481-78 (10) 

22558*2 

id iDi-if»JF, 

4427-88 (10) 

22680*4 

4(iiPi-C 

4421-06 (6) 

22612*7 

... 

4413-64 (8) 

22660*7 

id 1P,-D 

4412-26 (6) 

22667*8 

... 

4404-68 (6) 

22697*6 

6p >Bi-/ 

4892-76 (8) 

22768*4 

id iDj-G 

4371-88 (8) 

22869*7 

jp8 3Dj— 6p 3D2 

4867-10 (3) 

22892*1 

♦ « • 
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A 

V 

Olassification 

4359-90 (4) 

22929*9 

... 

4353’02 (8) 

22966-1 

6p 3P,-6» »P2 

436a-2j (10) 

22970-2 

6*,>Pi-6p »So 

4330-85 (9) 

23061-7 

4pp3 3])2«.5p 

4324-10 (8) 

23119-7 

6p JPo-e 

4316-86 (8) 

28168*9 

^p3 3D|^-.5p 3])j 

4302*26 (3) 

23237*1 

... 

4299-61 (6) 

23261-9 

8Di^6p 3Da 

4297-43 (4) 

28263-2 

6s 3Pi-6p'Ds 

4278-82 (4) 

28364*4 

sp3 3Di-6p SD, 

4267-24 (2) 

23427-8 

... 

4266-18 (7) 

23439*4 

... 

4240-40 (5) 

235261 

6p3Pj-/ 

4243-26 (9) 

23660-2 

... 

4228-42 (5) 

23642-9 


4225-87 (4) 

23057-1 

5p 3D,-ri 

4221-23 (3; 

28G831 

... 

4209-71 (4) 

23747-9 

id 

4208-00 (7) 

23767-6 

U JPi-G 

4197-61 (7) 

23816-4 

id 3D3-£ 

4100-37 (4) 

23867-6 

5p 

4160-72 (6) 

24027-6 

5p ®F2 

4167-64 ( 1 ) 

24046-4 

5p 3P|— G# 3Pa 

4123-71 (8) 

242432 

6p « 

4119-86 (8) 

24266-9 

... 

4089-87 (2) 

24443-8 

6p 

4084-13 (6) 

24478-1 

id 3 D 3 — F 

4083-01 (1) 

24484-8 

... 

4082-67 (6) 

24487-6 

xp3 3Di“5p 3Po 

4077-08 (4) 

24620-6 

... 
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A 

If 

ClassiBcation 

4071-64 (4) 

24663*2 


4070-92 (4) 

24567-6 


4«65‘54 (5)' 

245901 

4d ^Dy-D 

4062-73 (C) 

24007-1 

6p ■''p,— y 

4022 32 (8) 

21854-3 

4d ’Dj— G 

4006‘34 (8) 

24953-4 

sp3 * 1 ) 3 — 5p ID 3 

3982-45 (7) 

211031 


3948-74 (8) 

25317-4 

sp^ 3D2~6p 

3946*93 (4) 

25335-4 

3Dr-6p 

3943-47 (2) 

25351*2 

6p %—g 

3931-28 (6) 

25429‘8 

sp^ 3pj 

8927*90 (2) 

25461-3 

— 

3896-21 (0) 

26668-7 

— 

3890-46 (3) 

26C96-6 

4d 3Dr-G 

3842-82 (8) 

26016*2 

sp3 3Dj_5p 3pj 

3841-03 (4) 

26027*2 

— 

3828-74 (4) 

26110*9 

Op ’Dr- 6 » % 

8804-10 a) 

26279*6 

— 

3799-68 t4j 

26311*3 

Bp ’Di- 6 « ’Pj, 

3787-18 (6) 

26397*4 

sp^ ’Dj— 6p 5Pj 

3771-10 (4) 

266100 

sp3 3Di-6p3p, 

3749-77 (9) 

2(5660*8 

5s 3pi-6p iSo 

3720-31 (6) 

26871*9 

5p ’Di-/ 

8688’68 (6) 

27139*8 

— 

8671-92 (6) 

27226*0 

spS 3Dj-6p ’Si 

8666-78 (8) 

27338*7 

sp> ’Di-Sp ’Si 

3661-82 (4) 

28146*6 

sp’ SDj-ep 'Dj 

3649 02 (1) 

28168*8 

— 

8646-77 (3) 

28194*6 

— 

8613-18 (8) 

28466*6 

— 
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A 

V 

ClaBsificatioD 

3504-30 (8) 

28528*2 

sp^ 3D,_6p iDj 

3126-97 (6) 

31070 G 

4d ’Pj-A 

312216 (4) 

82020 0 

id »P3-4/ 3^3 

3116-63 (10) 

3-2076 7 

id sPs-B 

3058-08 (9) 

32690-8 

id ’Fj-A 

3053‘46 (0) 

32740*2 

id 3F,-4( % 

3048*36 (4) 

32795-0 

id -’Fa-df’Fa 

3003-93 (8) 

33280*1 

— 

2959-70 (10) 

33777-1 

— 

2890-21 (6) 

34589*1 

id ^Fa-D 

2884-51 (8) 

34657-8 

id -U'-a-E 

2831-22 (1) 

35310 1 

id "Fj-D 

2830-45 (8) 

36319-7 

4il ^Fa-F 

2790-28 (3) 

1 33828-1 

— 

2741-38 (2) 

36467-2 

— 

2733-30 (2) 

36576-0 

— 

2713-97 (1) 

36835-6 

— 

2602-96 (7) 

38406-3 

— 

2677-21 (3) 

38790-0 

--- 

9578-25 (4; 

88849-7 

- 

2661-18 (4) 

3903-2-8 

— 

2537-79 (4) 

39392-5 

— 

2496-26 (4) 

40016-9 

— 

2490-44 (2) 

40141-4 

— 

2466'66 (3) 

40546-0 

— 

2408-89 (3) 

40678-9 

— 

2461-76 (3) 

40609-1 

— 

2446-66 (3) 

40876-6 

— 

2486-00 (4) 

41038-6 

— 

2488-76 (5) 

41076-2 

— 
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A 

p 

Classification 

2361-42 (2) 

42334-4 

— 

1769*06 (2) 

56527 

4p ISo- 6« !>P, 

1660-00 (8) 

60210 

4p'So— 64 3Pi 

1612*11 (1) 

62030 

4/> 

157r06 (2) 

636.)1 

4p iDjj— 

1|68'80 (2) 

03703 

4p 

1558'88 (4) 

64148 

4p 3 Dj 

1448-64 (1) 

09030 

4p ^D2— 5^ ^P2 

1400-32 (4) 

71412 

4piD2-54 3pj 

1894-61 (4) 

71705 

4p ’Pj-spJ 3Ds 

1375-07 (10) 

727*24 

4p iDj-Ss iPi 

1378-66 (4) 

72799 

4p*Pi— 

1369-78 (B) 1 

73004 

4p 1^2 -jp^ ^Pl 

1366-02 (31 

73745 

4p SPo-5p3 ^J>1 

1841-53 (1) 

74637 

4p iDa-^p''* *Pi 

1307-76 (8J 

76470 

4p ’Sfl— 4d 

1806-72 (10) 

76686 

4p »P2-6^ *Pi 

1287-67 (9) 

77666 

4p ®Pi— ^Pfl 

1281-01 ( 8 ) 

78063 

ip 3Pi-65 *Pi 

1367-61 (10) 

78889 

4p %-id iPi 

1266-36 (10) 

78867 

4p »P3-6^ »P8 

1263-78 (10) 

79128 

4p 3Po-5s ®Pi 

1268-61 (2) 

79468 

4p ^Da'*4c[ ^Fs 

1260-07 (1) 

79996 

4p 1^0“^ 

1045-67 (1) 

80278 

4p 3Pa-5^ iPi 

1243-09 (8) 

80445 

4p8Pi-55 SPg 

1241-29 (8) 

80561 

4p ‘Pg-jp* ^Pi 

1228-10 (2) 

81768 

4p »Pi- 65 iPi 

1218-14 ( 1 ) 

82092 

4p ®Pj— #p® l^Pi 

1211-21 ( 2 ) 

82662 

4p 3Pj--^p3 3pg 
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A 

y 

Olasiifioation 

li30r-50 (6) 

82816 

4p*Po-6* iPi 

1199*24 (2) 

83886 

4p 

1196*60 (1) 

88670 

4p SPj— ^p8 3Pj 

1189-90 (1) 

84041 

4p >Pi-»p3 3Pj 

1181-65 (3) 

84634 

4p 3Po — .?pB 3 Pi 

1168-9S (2) 

86285 

4p 3Pt-4d 5Pa 

1149-33 (4) 

87007 

4p3P2-4f/ ap’a 

1139-40 (3) 

87766 

4p — 4</ 

1124*05 (2) 

88064 

4p iDj-4(i 3Di 

1107-49 (6) 

90294 

4p iD2“4d 

1094-20 (6) 

91391 

4p ^D2"-4d 

1082-40 (10) 

92387 

4p JDj-4rf 'Dj 

1081*07 (4) 1 

92601 

4p *D 2 — a 

1061 09 (2) 

96139 

4p 

1080-84 (2) 

97006 

4p '’Pj— 4cf 

1021-96 (10) 

97861 

4p 3Pj-4<J 303 

1020-89 ( 6 ) 

98002 

4p 3p 1-4(1 301 

1016-38 (10) 

98486 

4p 3Pi-.4(/ 303 

1012-62 (2) 

98754 

4p iSq— rf 

1010-66 (2) 

98946 

4p 3P3-4d iPi 

1009-44 (8) 

99066 

4p3Po-.4d 3Di 

1002-27 (8) 

99774 

4p *Dj|— 4<? 

1000-66 (8) 

99944 

4p ^p2-~4rf 

999-46 (3) 

100054 

4p 8 P 2 — a 

995-79 (3) 

100428 

4p 3Pi-4(i iPi 

986-37 (4) 

lOUBI 

4p8Pa-4c/ iPi 

984-92 (S) 

101631 

4p 8 P| — a 

982-80 (0) 

101760 

4p Ws^id 8P2 

031-66 a) 

107881 

4p 8pj — 4i ^F 3 

928-98 a) 

107646 

4p 'Dj— 
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! 

1 

V 

j 

Clas.sificutiim 

yl4-84 (I) 

i 

100300 

1 

« 

I'D 

91icy0 (4) 

109782 

1;; 3P2-4f/ SPi 

902 68 (‘2) 

110781 

lf» ■■'Pi-ld *P2 

899 I6 (1) 

111178 

4p ^Pi-4^( 

898-81 (^) 

11 12.0 S 

4lJ n’l— Irf 3Pl 

bOO'Oi) (1) 

1 12^122 

4p r>Po-4d "Pi 

88;i'95 (1) 

U3I29 j 

- 6.9 "P.j 

87'J-Oii (0) 

1 13680 i 

IP >S„ -/ 

807-07 fill 

11067.'* 

4p H\-h 

819-31 (I) 

1177:19 

1 

■ip "‘Po-b 

848-7-1 (1) 

117822 

ip ■■’P) -e 

1 

831-28 U) 

I2029t‘> 


828-02 (2) 

12068 

Ip *T’o -Os 'OV 

82.1-81 (I) 

121210 

ip >n.-/ 

821-03 (3) 

121:3.77 

ip ^Po-rf 

810-60 (7) 

122011 

4p ’Pr-'! 

818-50 (-21 

1221 Gl 

■Ip nv-6s -’Pj 

800-81 (6) 

123186 

4p 3p,_3 

802-90 (2j 

124549 

1 4pnv9 


Summary and Conclusion^!. 

The apectrum of arsenic has been studied under varying 
excitations and about 280 lines have been ascribed to the 
singly ionised atom of arsenic, a large number of these having 
been classified. Combinations between the deep terms of the 
singlets and triplet system of As II and higher members of 
the mp °P terms have been identified. Terms due to the M 
and 4if configurations have been partially located, Combina- 
tions involving the transition of one of the inner group of pj 
electrons have also been detected. A term scheme based on 
9 
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the singlet and triplet series is set up. Interesting oases of 
interpenetration of the different sub-levels, indicating a strong 
tendency towards the J J coupling, is pointed out. The 
largest term 4p ®Po {p 162788) leads to an ionisation potential 
of about 20' 1 y for the singly ionised atom of arsenic. 
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The Raman Spectra of Pinene, Thiophene> 
Salol and Thymol. 
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Plate XXXVI. 

Abstract. 

The paper describes the results of a study of the Raman effect in 
pinene, thiophene, molten salol and thymol. In pinene and thiophene, 
some new frequencies are recorded. Salol and thymol are investigated 
here for the first time. A brief discussion is given of the prominent 
features exhibited by the various spectra. 

Introduction. 

A glass two prism spectrograph is uspd to photograph the 
Aaman spectra of pinene, thiophene, salol and thymol. The 
latter two substanoes are solids at ordinary temperatures and 
are studied in the molten state. The results are set out in 
Tables I, II, III and IV ; the letters a, b, d, e, /, h, i represent 
the incident mercury lines X8C60’1, 8654'0, 4046’6, 4.077'7 t 
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4339*2, 4358*3 and 5460*7 respectively. Special care is taken 
to purify the substances by distillation at low pressures with 
the result that the continuous background arising from fluo. 
rescent impurities is very much minimised and good spectro- 
grams of the genuine scattering are obtained. 


2. Discussion of the Results. 

Pinene . — This substance has already been studied by 
Bonino and Briill ^ and by Bonin o and Cella.^ In the present 
paper a number of new lines are recorded. The dextro and 
laevo modifications exhibit identical frequency shifts and the 
mean values are given in Table I. The most interesting 
feature in this case is the presence of a large number of weak 
and approximately equally spaced frequencies in the region of 
1000 to 1450. It has been suggested by Bonino and Celia 
that these lines have a rotational origin ; the rotator being the 
CHj group. The positions of the various components agree 
remarkably well with the values calculated by Bonino and 
Celia. It is, however, strange that all the components, which 
are more or less equally intense, appear only on one side of 
the strong C-H frequency 1436. These features present a 
marked contrast to the usual symmetrical disposition of the 
rotation patterns on either side of the parent line, their inten- 
sity gradually falling oif as we recede from the centre. The 
band in the region of 3000 cm— usually ascribed to the 0-H 
oscillations, appears to be very intense in this substance and 
consists of a large number of components. The existence of 
an uusaturated CaO bond in the structure of the pinene 
molecule results in an intense line with a frequency shift of 
1661, The frequency 1436 has a peculiar structure in that it 


I Oaz2. Chim. Ital., 69, 726 U929}. 

3 Nature, m, 616 (1680) and Mem. Ital. Acad., 9, 5 (1681). 
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has a sharp edge beginping at 1436 accompanied by a diffuse 
wing extending up to ^out 1450. 

Thiophene . liquid has already been studied by one 
of us.* The results coniained in this paper are however more 
complete and includes some new frequencies. The Eaman 
spectrum of this substaice is of particular interest as it is one 
of the few heterocycli^ compounds investigated so far. A 
comparison of its frequ^cies with those of benzene reveals 
certain interesting feati|res. The pair of prominent lines 3081 
and 3114 in thiophene no doubt to be regarded as arising 
from the oscillations of the C-K linkage and the comparative, 
ly high value suggests an analogy with the closely spaced 
frequencies exhibited by benzene and its derivatives in this 
region. Further, the conspicuous absence of any line in the 
region lying between 2800 and 3000 also suggests that the 
C-H linkage in thiophene is distinctively of an aromatic type 
and has not much in common with those occurring in the ali- 
phatic hydrocarbons. 

There is however a marked contrast in another respect 
between the spectra of benzene and thiophene which may be 
noted here, A close doublet in the region of 1600 is a very 
prominent and well-known feature in the spectra of benzene 
and its derivatives. This has been ascribed by us in our ear- 
lier communications to a transverse oscillation of the hydrogen 
atoms whereas Dadieu and Kohlrausch are of the opinion that 
it is due to the presence of C = C linkages in the benzene ring. 
In either casei one should expect the doublet to be present in 
thiophene as well, but there appears to be no trace of any 
frequency in this region. In the aliphatic compounds, the 
frequency of such transverse oscillations is however somewhat 
lower, and it may be urged that the intense line corresponding 
to 1408 in thiophene has such an origin. In this connection. 


> 8. y«Bk»t»«waniii, lad. Jour. Pby«„ 5 , 146 {1980). 



588 


S. VENRATESWARAN AND S. BHAGAVANTAM 


a study of the depolarisation values for some of the Baman 
lines of thiophene given below is of interest.^ 


Prequencj? 

Depoliiriaution 

1 

Freqiie: cy 

Depolarization 

45’J 

0-7 

10.35 

01 

607 

(1 2.J 

1081 

0-3 

m) 

0’^ 

1301 

015 


O'O 

14(10 

0*3 

83o 

1 

I 


0*9 

870 

n-i« j 

ail 

0*3 


Extensive investigations on the depolarisation of the 
Kaman lines in a variety of liquids have shown that the lines 
corresponding to a frequency of about 1450 in aliphatic com- 
pounds and to the close pair of frequencies at about 1600 in 
aromatic compounds are always depolarised to the maximum 
extent (0‘86) permissible in the theory. Such a high depo- 
larisation is to be expected for transverse oscillations and the 
results clearly suggest the analogy betw^een the two cases both 
of which are therefore to he regarded as duo to transverse 
oscillations. Contrary to these very general results, it may 
be noted from the above table that the line at 1408 in thio- 
phene is sharp, intense and strongly polarised. This line has 
therefore presumably a different origin, and it is surprising 
that no frequencies, either of an aliphatic or an aromatic 
type, can be traced in thiophene which may be attributed to 
transverse oscillations of the hydrogen atoms. 

Salol . — The Raman spectrum of this substance is 
described here for the first time, and shows some interesting 
freatures. The intense line at 3076 and the close pair of 
frequencies 1687 and 1617 are to be attributed respectively to 

* VeoksteswaraD, Pfail. Mag., iv, 268 (1982). 

^ S. VeDkateswarsot /o«. (x't., and L. Simons. 
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the longitudinal and transverse oscillations of the aromatic 
C-H bond. It may be noted from the table of polarisation 
values ® given below that the latter pair of lines show very 
nearly the limiting depolarisation as in the case of benzene 
and its derivatives. 


Frequency 

Depolariaat ion 

Frequency 

DepolariBation 

5G6 

Oft 

1VJ7 

or, 

617 

0 s 

■ 

iwii 

irC) 

67.5 

f)‘7 

1333 

O’l; 

762 

0‘7 

lauc 

0-7 

602 

0*6 

1467 

()'(> 

844 

0 3 

1580 

; (1-8 

1006 

0 1? 

1 

1017 

i 0*8 

1 

1084 

0 2 


or 

1186 

II 6 

3070, 

or, 

1163 

J 

0*6 


1 

i 

i,, 


A notable feature is the presence of a very intense and fairly 
well polarised line of a frequency shift of 1693 usually ascribed 
to the C.—O group. 

Thymol . — Thymol is also a derivative of benzene, but the 
presence of alkyl groups in the substitution results in a 
spectrum which has the characters of both an aliphatic and an 
aromatic compound as may be seen from the series of high 
frequencies ranging from 2875 to 3064. The corresponding 
transverse oscillations are presumably represented by the two 
lines 1462 and 1620. 

The authors desire to express their best thanks to Prof. 
Sir C. V. Raman for his kind interest in the work. 


c 6. Venkateswaxan* loc» cit. 
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Table I. — Pi}wnc. 


J 

V 

A/' 

I 

1 ^ 

A*' 

A(] 

1 I'lioo 

j a-J9-»3 

0 

22510 

1 /1-428 

•Id 

1 

j 2U5‘S 

Oh 

2240G 

6-472 

6 

1 240llj 

a-L>99l 

O 

jj 

22374 

6-664 

4 

1 'Jl.'iOl 

6-2990 

1 

92819 

6-019 

(>(/ 

i 2420(; 

</-179 

u 

2-.'-'99 

6 -646 

0 

210c'i 


4a 

i 222 72 

h —00(5 

0 

24057 

d-61s 

o 

1 22101 

6-774 

i‘) 

•->403^ 

r/~()(>7 

0 

; 22122 

6 -sic 

1 


d-771 

3 

22094 

6-844 

t 

23801 

(/-814 

0 

22060 

6-878 

i) 

oj^qjT 

d -s7s 

1 

22001 

6-904 

0 

29802 


0 

22' i0(i 

6 -933 

u 

23775 

()-930 


21‘.)h0 

6-962 

2 

237 6^^ 

(/-917 

1 

21K'.)1 

6-10-11 

0 

23711 

d-OOi 


21S72 

t/-2b3;i 

Oh 

23005 

d-^lOiO 

1 1 

21H52 

j 6-1086 

0 

23010 


4/> 1 

21R-2n ! 

! rf-2879 

0 

23574 

J-1131 

Ob 

21780 

d-2915 

Oh 

23530 

j J-1175 

36 

2)755 

; r/-295o 

Ob 

231S1 

(1-1221 

1 

21717 

4-2988 

u 

23435 

(/-1270 

I 

36 

21070 

J-3029 

0 

23402 

d-1303 

1 

16 

21630 

6-1308 

1 

23374 

J-1331 

26 

21004 

6-1334 

Od 

23328 

C/-1377 

16 

21504 

6-1374 

Mr 

•23200 
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Table III . — SaJol 
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Calculation of the Second Virial Coefficient 
of Gases. 

Br 

T. S. WUKEliKR. 

(Rcceiml for puhlhtlm, iiud Dec., 1932.) 

Jn a recent paper ' the author has shown from thermo- 
dynamical and dimensional considerations, that the second 
virial coefficient (B) of a gas consisting of small spherically 
symmetrical particles, all of one kind, between each pair of 
which at a distance r from one another there exist two forces 
given by \/f (repulsive)' and (attractive), should be 
capable of approximate expression by an equation of the form 

13 = C, ( A/T -I- C„ ( /.’/T .(1) 

Cl and Oij arc constants and T is the absolute temperature. 
Lennard- Jones, in a series of classical papers “ has shown that 
for the type of gas under consideration, 

B ^ ( 2/3 ).N [(A/(»-l) ) (m-1)//*)]^''”-’”* F{y) .(2) 

where N is the number of molecules in the quantity of gas to 
which B refers, and 

F(j,) = r T{n-i)l{n-l) - § /(9)j/’l .(3) 

I- q = l -* 

1 Phil. M»g. 13 , 604, 1932. 

< Froo. Bo;. Soc. XI2, 2U, 1926. 



596 


T. S. WHEELER 


In this expression, 

2/ = [ /./( (m-1) kT)] [( (n-l)/A)kT (4) 

and the coefficients f(q)' are written for, 

m = 3 [r( {q „7ri-3)/(n-l) )] 3l(n-l) (6) 


Lennard-Jones determined by a graphical method values of 
{m, n) to fit (2) and from these calculated the corresponding 
values of \ and fi. 

It has now been found that the second virial coefficients 
of the gases considered by Lennard-Jones can be expressed 
by equations of the type of (1), and that the values of {m, n) 
which are suitable for (2) are also suitable for (1). Table I 
shows the application of (1) to the calculation of the second 
virial coefficients of helium, neon, argon, hydrogen and 
nitrogen using values of (?n, w). chosen from the range given 
by Lennard-Jones. For nitrogen and argon results obtained 
by taking (m, n) equal to (4, 9 3) are also given. B refers 
to 1 c.c. of gas at N. T. P. 

The equations employed are as follows : — 


Helium (5, 11). Bxio* = («) 

Neon (5,9). BxlO* == (7) 

Argon (5, 9) B x 10< = 475/T^'’^®"^’ - 4600/r'^''‘®~^’ (8) 

Argon (4,0-3). BxlO^ - 251 - 11,800/T^'^^"^’ (9) 

Hydrogen (5.0) B x 10^ = 174/T^'''''’"^^ - 1010/T®^^®”^^ (10) 

Nitrogen (5, 9) B x 10* = 660/1^^^®“^^ - 5000/T^''^®"^^ (11) 


Nitrogen (4,9-3) BxlO* = - 12, 000/ (12) 

It will be seen that the agreement obtained is not unsatisfactory. 
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The relations involved between (1)] and (2)’ can be 
deduced as follows : — 

Combining (2), (3) and (4) we have, 


B 




... (13) 


From (13) it is clear that in order that (1) and (2) should 
correspond t and y3/(m-i} should be related hy an equation of 
the first degree over the range of variation of y. Actually a 
plot of t against y 3/{5-i} gives a fiat curve which approxi- 
mates to a straight line. 


We put therefore in (13), 

2 My =^ 12 / -^‘‘2 

where ki and are constants, and obtain. 


... ( 14 ) 


B = (2/3)ffN.jA/(fcT(ji 




f^/x/(fcT(»«-l) )j-' 


-(2/3);rN.{/x/(fcT(»i-l) 
00 


r ({n-4)/{n-l)) + Jf^ 
3/(m-l) , 


} 


)■ 


Since 


-9 


dx^Ulqm r((2-l)/9) 


(15) 


(16) 


we can write (16) in the form 


00 


B 


= (2/3)7rNj(l/fcT) ^ A/r 


-A/[(n-l)(&T) (r 


(n-l> 


dr 


[ 


l + *f2/r((«~4)/{n 
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OO 


0 

j^fcl/r((m-4)/(7n-l))j ... 


B is formally expressed by the equation, 


(17) 


OC 


B = (2/3) fffN/fcT) j (x/r'"" 
0 


where 2/ = 1 //rT, 

(19) 

00 


and /,()•)= -l^A/r”^ <ir 

r 

... (20) 

ii 

1 

1 

7 

... (21) 

and /a (j’)=n*/(m-l) r .. 

(22) 

Hence frona (17) and 

(18) we find that the oorrespon- 


denoe of (1) and (2) involves 


po 

0 


2/7i (r) iUi (O 


= 1 rfr[l + /(2/rf(«-4)/(n-l))] 


OO 

i 


l^jr <*”-3) ar[ft,/r ( (m-4)/{m-l))]... 


(28) 
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Comparing (16)' with (6)’, (7)], (8)’, (10); and (11), and using 
Lennard- Jones’ values for \ and /t* we should obtain values 
of ki and which for the same values of (m, n) should be 
independent of the nature of the gas. 


Table II. 


(xas 

Helium 

Neon 

Hydrogen 

Argon 

Nitrogen 

(m, ti) 

(5, 91 

1 (5. 9) 

(5, 9) 

(5, 9) 

(5. 9) 

h 

‘2-71 

3-21 

3'IC 

3*63 

3*55 

h 

0-21 ! 

0*39 

n‘42 

0-60 

0*60 

(m, n) ! 

(5, 14J) 

(5, 14i) 

i f5. 14J) 

<5, 14J) 

' (6, 14.i) 

/■•i 

2-98 

3*04 

j 

! 2-92 

8-65 1 

3*54 

hi 

0-29 

(1*26 

1 

‘ 0*26 

1 1 

0-63 


Actually as shown in Table II, for (m, n) equal to (5, 9) 
and (6, 14’3) the values increase from helium to nitrogen. 
In considering these variations it should be borne in mind 
that X and /x for nitrogen, when (m, n) is equal to (6, 14(‘3), 
are, respectively, 1535 and 53 times as great as the corres- 
ponding values for helium. For (m, n), (6, 9), the correspond- 
ing ratios are 121 and 35. The greatest change necessary in 
any of Lennard. Jones’ values of X and p to obtain constant 
values of ki and fcj is about 20 per cent. No conclusions can 
be drawn as to the way in which fe, and ki vary with (m, n). 

These maximum differences of the order of 20 per cent, are 
less than some of the differences obtained by Lennard-Jones 
between values calculated from the equation of state and from 
the viscosity measurements. They involve only changes of 2 
per cent, in his generalised diameters ” calculated from the 
formula 

<r„ = (2/8) (A/f(n-l) (24) 

* It ia intereatiDg to not# that /or the aeries of gases oonaideied by Lennard-Jones, log A 
plotted against log /t gives a straight line; the elope depende m the value of (»* ») taken. 
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which he uses for the comparison of various values of 

On the whole, therefore, the results of the general dimen- 
sional method of approach to the virial problem given by the 
author in the paper cited are not out of harmony with the 
more rigorous and definite results of Lennard* Jones. 

EOYAIi IKSTITUTE OP SCIENCE, 

Bombay. 
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Evidence for the Cybotactic Group View of the 
Interior of a Liquid 

By 

G. W. SmvART. 

{Received for piihlicaiinn, 3rd Jmi., 1933.) 

There is no adequate quantitative theory of the diffraction 
of x-rays in liquids and chiefly because of the absence of suffi- 
cient information concerning molecular structure and inter- 
molecular forces. 

Baman and Bamanathan^ have discussed the fluctuating 
density in liquids and the consequent coherent interference at 
small angles of incidence and have, rvith certain rather severe 
assumptions, determined the “structural spectrum” of a 
liquid. This is a constructive and illuminating theory in that 
it shows what might be expected of symmetrical molecules in 
a liquid of ordinary density. But the need of the application 
of a theory to asymmetrical molecules, to liquids at any density 
and temperature, renders the service of the theory more des- 
criptive than quantitative. Zernike and Prins^ and subse- 
quently Debye and Menke” have pointed out the possibility of 
obtaining the graph of the probability of distance of separation 
between one spherical molecule and its neighbours. This is 


* Baman and Eamanathani Proc, Ind. Asaoo. Cult. Sci., VII, II, 127, (1923). 
» Zs.f.Phy8.,41.184, (1927). 

4 Band n, EigebnlsBe der Teohniseben BOntgenkunde, p. 1, Leipzig, (1931). 
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accomplished by using the experimental x-ray diffraction 
intensity curve. This method is distinctly valuable but of 
course is not a theory of the phenomena. 

It is to be observed that in the above references one 
begins with the scattering from a single molecule, the first 
theory mentioned attempting to determine the resulting 
intensity of diffraction and the last two endeavouring to ascer- 
tain what the spacial relation of one molecule to the others 
actually is. A very different approach has been followed by 
the laboratory of the author. It is based upon the theory of 
x-ray diffraction in crystals and assumes that this theory may 
be applied approximately to molecular aggregates in the 
liquid. Usually a theory makes internal approximations. In 
this case the crystal diffraction theory is adopted and then 
approximations made in its application. It is found experi- 
mentally that the interraolecular diffraction in liquids consists 
of broad bands instead of the sharp lines obtained with 
crystals, as shown in Fig. 1.* This is just what would be 
expected of molecular aggregates having a semi-orderly or 
quasi-crystalline array. The groups are small, perhaps of the 
order of 100 to 1000 molecules, are not sharply defined, are 
not perfectly regular at any point, and, because of fluctuating 
density, differ from one another in mean distance of molecular 
separation. Moreover lack of rigidity of shape of asymmetri- 
cal molecules would cause a lack of uniformity. Imposed 
upon all this is the mobility for the constituency of a group 
is not permanent, but constantly changing. In short, the 
quasi-crystalline (cybotactic) structure is unstable. It is 
further assumed in this view that the peak of the diffraction 
intensity bands can be used in Bragg’s diffraction law to 
obtain an approximate value of the mean separation of asym- 
metrical molecules. . 

* The observatitHU represented by Figs. 1, 2 and 3, were made by nsing s Mo target, 
a combination of Zirconium and Btrontium filters, producing the practically homogsneoas 
MoKa doublet radiation, and an ioniaation chamber, 
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X-ray diffraction ionization curve of w-butyl alcohol at room temperature. 

One would anticipate that the approximations in the 
application of crystal diffraction theory has its limitations 
also, since one can pass from a liquid to a gas without any 
discontinuity. So the author choo.ses to approach every condi- 
tion involved from a combination of two approximations to 
diffraction theory, one that of the crystal and the other that of 
a random gas condition. With random gas molecules the 
scattering would be similar to the scattering from random 
electrons, or proportional to 1+cos® 6 , where 6 is the angle 
of scattering. But there is interference in the scattering from 
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the electrons in one molecule and hence the scattering curve 
shows a sharp decrease with increasing 0 as shown in Fig. 2. 
These approximations do not possess the advantages of an 
adequate theory, but are justified by effectiveness in expla- 
nation and descriptive power, an aspect which is valuable in 
extending knowledge. One might almost question the appli- 
cation of the term “ theory ” to this cybotactic view, but as is 
readily seen, it draws upon the theory of crystal diffraction 
and of random gas scattering, adds approximations, and thus 
presents an analogy between the mathematical process and 
the physical phenomena. It is a constructive but an inade- 
quate theory. 

It is to be understood that throughout this paper the 
classical scattering theory is used, since for the small angles 
concerned, this theory is satisfactory. But a further step in 
accuracy beyond what is indicated would be a correction of 
the experimental observations for the Compton modified 
scattering.® At small angles and Mo Ka radiation this correc- 
tion is small. 

The publications dealing with the cybotactic theory are 
scattered through the literature of the past five years. It has 
been suggested that the author collect in a paper for this jour- 
nal the evidence that has accumulated and which seems to 
favour the acceptance of the cybotactic condition in liquids as 
a fact. Obviously such a presentation must be too brief for 
adequate description of the experimental results and the 
reader will be obliged to refer to the original papers for a 
critical examination of the evidence. Moreover, a review of 
aU the experiments in the field cannot be included, for the 
paper is avowedly a statement of the author’s views and the 
experimental justification for them. An excellent summary 
with references is to be found in the article by Debye and 
Menke, to which reference has already been made. 


Heiimberg, Physikal. Z. Ifl. p. 737, 19.31 ; Bdweilogua, Physikal Z..19,p.740, a931)‘ 
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There is no evidence that opposes the cybotactic view. It 
is only to be decided whether or not the view has demonstrated 
its value and is worthy of confidence. Do the temporary 
semi-orderly groups exist in the liquid ? But before present- 
ing the evidence reference should be made to two suggestions 
which are to be considered. 

It has been shown" that if one considers a gas of spherical 
molecules each having two scattering centres, the typical 
random gas scattering intensity will be modified by compression 



Fig. 2. 

X*ray diffraction ionization, ahowing typical gas curve. 


Debyo, Jour, of Math, and Phys., 4, 133 (1926) and Physikal Z., 28, 136 (1927)* 

12 
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SO that thare will be found in the scattering intensity curve 
a broad peak reminding one of the curves obtained with 
liquids. It is the magnitude of the fraction of the whole 
volume occupied by the molecules that determines the presence 
of this broad peak. As this fraction decreases the peak de- 
creases in size and moves toward the zero angle of diffraction, 
ultimately disappearing at that angle. The peak is clearly in 
evidence if the volume occupied by the molecules is one-half 
of the total volume. The question therefore naturally arises 
as to whether or not the effect secured in x-ray diffraction in 
liquids is merely a volume effect. There is the additional 
suggestion that the shape of the molecules at once compels a 
preferred orientation. These two suggestions are not contra- 
dictory to the group view, but merely are aspects of it. The 
effect of the molecular forces involved can of course be 
described in part by a volume and a shape effect, but not 
adequately by either alone or by both, as will be shown in the 
evidence. Moreover the very fact that a liquid and vapor 
may exist in equilibrium, demonstrates that the molecular 
fields in the liquid are important enough to be really the cause 
of the existence of the two phases. There is thus no reason 
for avoiding acknowledgment of an effect of molecular forces 
at the very outset. Indeed, the more modern view would be 
to regard any effects of volume and shape as being produced 
by molecular forces. The discontinuity in passing from liquid 
to solid rests in the stability and probably not in any altera- 
tion of the force functions with temperature. 

There will now be cited various experimental results, all 
of which are readily interpreted in terms of the cybotactic 
view. The liquid at any instant will be considered, as com- 
posed of molecules in small semi-orderly groups, and molecules 
which are approximately at random as in a gas. Since the 
purpose of the paper is to present the evidence for this view 
as clearly as possible consistent with brevity the references to 
published work will be brief and oftentimes not complete. 



BVIDENCH FOR THE CYCOTACTrC (IROflP 


G09 


1. A band in the diffraction intensity curve. A small crys- 
tal would, as is well-kno«Fn, give a diffraction band instead of 
a line, the width of the band depending on the the size of the 
small crystal. But the lack of constant periodicity in a group 
would cause an even wider band. Then the periodicity would 
vary from one point in liquid to another, because of fluctuat- 
ing density, and this would further widen the diffraction band 
obtained. There is no difl5.culty in accounting for the width 
of the band quantitatively on these grounds. These bands 
are illustrated in Fig. 1. They are well inside the region of 
diffraction bands caused by the interference between atoms of 
same molecule, which is shown in the beautiful experiments 
of Debye and his students. 

2. Near the zero angle of diffracHon. Coherence in crys- 
tal diffraction gives an intensity curve that has practically zero 
value in the neighbourhood of 0° diffraction angle. This is 
roughly true in all liquid cxperirncnls (see Fig. 1), and shows 
coherence crudely similar to that in a crystal. In most cases 
there is a small residue of intensity at the nearest approach to 
0° (30" in the author’s case) and this is explained by the 
random molecules. It is readily seen from Fig, 3 wherein the 
number of random molecules is largt , that a small proportion 
of random molecules would give this effect. 

3. Presence of anisotropy. A series of n-alcohols ' and 
one of n-raonobasic fatty acids « gives in each case one promi- 
nent peak variable in position with the number of carbons in 
the chain and another practically stationary. This points 
directly to two different periodicities (or bands), one perpendi- 

cularto the chain and one having a component in the direc- 
tion of the length of the chain. Moreover, this is precisely 
irhat has been found " with the same fatty acids in solid form. 
Indeed, if one uses Bragg’s law and the peak of the liquid 

7 Stewart aod Morrow, Phys. Bev., 30, 232, (1927.) 

8 Morrow, Pliys, Bev,, 31, 10, (1928). 

9 Gibbs, Jour, Cbem, Soc. London, 125 2022, (1924) 
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X-ray diffraction ionization curve of ethyl other at a pressure uiul teiuperature above 
the critical values, 194*6®0 and 36*7 kgfem'’^ respectively. 


inteasity curve to compute the mean periodicity, the periodici- 
ty and the rate of change of this peridicity with the number of 
carbon atoms are approximately the same in the liquid and solid 
statef. 

4i. Measurement of length occupied by a carbon atom in a 
hydrocarbon chain. Computations from observations on liquid 

in paraffins “ give the length 1*24 A. u, as that occupied by 
the carbon atom, or the CHj, along the chain. This is in 


fltewurt, Phy«. Rev,, 81. 174, (1928). 
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agreement with the results of Muller and Saville “ and Piper, 
Brown and Dyment with solid hydrocarbons, the former 

o o 

obtaining a value of 1’3 A. u.^ and the latter 1*22 A. u. More- 
over the distance of separation in the diamond along a line is 

1*26 A. u. 

5. Comparison loith molecular dimensions in a surface 
film. The area occupied by the cross-section of a molecule of 
normal monobasic acids in a surface-film in water as found by 
Adam “ is 21 x 10““ cm®. The cross-sectional area found by 
Morrow (/oc. cil.) for the same acids in the interior of the 
liquid, assuming groups, is (d/57 x 10“® cm.)®= 20*9 X 10““ cm® 
and by Stewart and Morrow (loc. cM.) for n-alcohols, is 
(4*68 X 10"® cm)® = 21 X 10"“ cm®. The cybotactic view is 
thus in harmony with surface film measurements. 

6. Comparison of crystalline and liquid diffraction curves. 
Numerous comparisons have been made“ of the two diffraction 
curves. Always there appears a chief diffraction band with 
the liquid at an angle approximately the same as the chief 
line or group of lines with the crystal. The expriments are 
similar, one with liquid and the other with powdered crystal, 
and the similarity in coherence diflYwCtion, although crude, is 
what would be anticipated from the cybotactic view. “ 

7. Comparison of liquid and solid solutions. Binary 
solutions, where the components are miscible, show not the 
intensity maxima of both components, but a modification as of 
a single liquid. “ This is similar to the well-known case of a 

u MfiHer and Saville, Jour, Chem. Soc., 27, b'.», 1926. 

1* Piper, Brown and Dvrnent, Chom. Soc. Jour., 127,2194, 1926. 

» Adam. Proc. Boy. Hoc. 99A, 330 (1921), lOlA. 162, 46(5, (1922), 108A, 076, 687 (1923). 

M B.g., Kriehnamurti, Ind. Jour. PhjR., 3, 225 (1928), and also Stewart and 

Morrow, Qoe. cit.) and Monow (loo. at.). r. r , x 

5* A preliminary annonneement lias just been made by J. T. Randall and H. B. Rooksby 
in Nature of September 24tb, 1932, of similar comparisons made between the ciystal and 
liquid conditions of the metals, aodium, potassium, rubidium and caesium. 

M Krishnamurti.Ind. Joor.Pby 0 ., 3.88X, 1929 Hertlein, Z. f. Phys . 64, 841, 1921, 
and Meyer, A. W. Phys. Rev., 38, 1088, 1981. 



G12 


G. W. STKWAItT 


solid solution. In fact the change in dimensions with con- 
centration obtained from the liquid diffraction peak is exactly 
like that occurring when the two solids of similar crystal 
structure from a solid solution. This is readily explicable 
on the basis of the cybotactic view and similarity to the 
crystalline condition. The molecules of the solute participate 
in the space array of the solvent. This view of a solution is 
very helpful. 

8. SiniiillancnKM (Icienniiuilion of two or three periodi- 
cities . — The measurement of two independent periodicities 
have been mentioned in “3 ’ above. Di-n-propyl carbinol 

gives three peaks which correspond to distances of 10'5, 4*86 
o 

and 4*5 A. u. These distances are in distinct harmony with 
the expected structure of the molecule, the group OH being 
in a branch. Numerous other three-peak curves have been 
found where the distances must be between and not within 
the molecules. More than one distance shows that the x-ray 
effect is not caused by a statistically mean distance of separa- 
tion, and that there is actuaUij an anisotropy which is satisfied 
only by a structure. 

9. Change in molecular diameter by alteration in molecular 
structure . — In a series of n-alcohol and n-paraiffn isomers 
and in a series of twenty-one octyl alcohols the influence of 
CHo and OH in branch lines is plainly evident, and in quan- 
titative agreement with current views of molecular structure. 

10. Effect of temperature . — The influence of temperature 
upon the position of the maxima and the breadth of the peak 
is similar to that with powdered crystals, namely, a shift to 
smaller angles, and a broadening of the peak. In addition 
there is an increase in intensity with angles near the 0°. 

U Stewart and Skinner, Phys. llov., 31, 1 (1928). 

Stcwarl and Skinner, Phya, liov„ 81, 1, 1928 and 
Stewart, i’hye. Rev. 82. 153, 1938 
« Stewart, Phye. Ret., 35, 736, 1980. 
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All of this is explicable by the cybotactic view, the “random” 
molecules increasing in number with increasing temperature. 

11 . Compulation of rdaim int emit ies from the slniclnre 
factor. — The diffraction curves with n-alcohols have already 
been described. Spangler ® has computed the relative inten- 
sities of the two peaks to be as tixpected on the cybotactic 
view of the group structure of the n-alcohols from methyl to 
lauryl and finds that the agreement is excellent. Moreover 
he finds that the second order maximum would have too small 
an intensity to bo in evidence, and this is exp(*rimentally the 
case also. These are quantitative verifications of the group 
conception. 

12. Molcriiles of ap proximal el 1 / Ihe same shape and roliime, 
hut widely different diffraction, intensity enrres. Reference has 
already been made to the diffraction intensity curves for 
n-parafUns and n-alcohols. These two compounds differ only 
at the end of the chain, one having Cll, and the other OH. 
Evidently the moleclules of these homologous series, when 
otherwise alike, should have very closcdy the same volume 
and shape. Yet the diffraction intensity curves are clearly 
different, the alcohols having an innew maximum as shown in 
Eig. 1. The difference is simply explained in the cybotactic view 
by the second periodicity in the n-alcohols doubtle.ss produced 
in part by its polarity. But consider two polar compounds 
having the same molecular constitution but differing slightly 
in the position of the OH group, secondary amyl alcohol and 
diethyl carbinol. Five carbons are in each chain, but in one 
the OH is attached at 2, while in the other it is attached at 
3. Yet the inner peaks represent the different periodicities** 

of 11 '3 and 8*9 A. u., respectively. There are numerous 
other cases showing that a consideration only of volume and 
shape is inadequate. The molecular grouping in semi-orderly 
array seems always a satisfactory view. 

20 Spangler, Radiology* XVT^ 359, 1931. 

21 Stewart and Skinner, Pbys. Hev*, 31, 1, 1928. 
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13. Evidence near the critical point , — From the as yet un- 
published observations on ethyl ether of Noll and Spangler 
of this laboratory it seems to be established that the group 
exist in the liquid but not in the vapor, apparently disappear- 
ing at the critical point. This was anticipated from the 
cybotactic view. 

14. Continuous passage from gas to liquid . — The term 
liquid is usually limited to the denser fluid in the two phase 
region which possesses a surface and does not fill the vessel. But, 
from the cybotactic view, one sees the grouping of molecules 
as occurring outside this two-phase region. The recent work 
referred to in the preceding paragraph shows that at specific 
volumes less than that at the critical point, groups exist 
(Fig. 3). The extent of the groups depends most importantly 
on the specific volume. This new information concerning the 
interior gives a new conception of the nature of the gradual 
change from a region where no groups exist to the liquid 
state. It should be remarked, however, that when the specific 
volume is increased the peak disappears without the move- 
ment toward 0° mentioned in the case of the theoretical 
discussion by Debye of the effect of volume. While it is 
true that Debye’s theory cannot be extended to the present 
case, yet it is reasonable to expect that an adequate volume- 
effect theory would show a vanishing of the peak in the inten- 
sity curve simultaneously as it approaches ^=0°. 

15. The “ quasi-crystalline'* condilion of liquid mercury 
and gallium . — By diffraction at the surface of mercury and 
the application of the theory already mentioned, Debye and 
Menke“ have shown that there is a quasi-crystalline structure 
of the surface of mercury and Menke“ in the surface of liquid 
gallium. In fact the probability of separation of one molecule 
from its neighbours is a crude imitation of this probability in 

^ Debye and Menke, loe, oit. 

» Menke. Pbyeikal Z. 16, p. 898, 1982. 
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a simple crystal. Of course the experiments refer to the 
surface condition of manatomic liquids and not to the interior, 
but one may with safety assume the correctness of the con- 
clusions for the interior. It is especially to be rioted that the 
structure of these two monatomic liquids differ somewhat, 
that of Hf? bein,£? more marked. It is evident that even here 
with atoms, the most symmetrical units, the molecular forces 
cannot be overlooked, and the explanation cannot be secured 
by a volume elfect only. All this emphasizes the sound- 
ness of the cybotactic i4ow as applied to liquids in i'enoral. 

These fifteen experimental results just cited are, without 
exception, in accord with the cybotactic view whieii regards 
the liquid as consisting of aggregates which crudely simulate 
crystalline orderliness and of nioleeule.s which are approxi- 
mately at random. This view or theory is much more than 
an interesting description. It has been valuable, for example, 
in giving a clearer insight into the nature of a solution of 
miscible liquids and into the effect of pressure in forming 
these liquid aggregates at temperatures and pressures above 
the critical values. Undoubtedly it will in the future help to 
add to our understanding of the nature of electrolysis as well 
as many aspects of solutions. It has been shown in the fore- 
going that explanations of the x-ray diffraction phenomena 
based upon either the volume or the shape of the molecule or 
by both, are inadequate. These two aspects are only part of 
the whole effect of molecular forces. The stable configura- 
tion in crystals should long ago have urged upon us a revision 
of our conception of the liquid state. 
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Electric Polarisability and Diamagnetic Suscepti- 
bility of Molecules. 

By 

S. Bhagavantam. 


(Received for publication, 1st March, ^ 1933.), 

Abstract. 


A relation between the electric polarisability and the diamagnetic 
susceptibility of atoms, deduced by Vinti, has boon tentatively applied 
to simple molecules. In place of the usual Langevin-Pauli formula for 
the diamagnetic susceptibility of atoms, use is made of the fuller ex- 
pression given by Van Vleck for molecules. Tho latter is characterised 
by the presence of a feeble paramagnetic term and the results show that 
its numerical value increases with increasing asymmetry of the molecule. 
The parallelism is to be expected theoretically. 


The polarisability a of an N electron atom has been 
expressed by Vinti in a recent paper by the relation 


9A2N Ipi 


(r?) +(r\ 

00 J 


( 1 ) 


The various letters have the usual significance. He has also 
shown that the parameter <r may in general be neglected in 
compEtrison with the first term. If, in this equation, the 

N 

value of S (»’?)oo deduced from the usual Pauli-Langevin 

< -1 

formula 


e3L 
6m c* 


S (’•?)oo 
« •! 


( 2 ) 


i Phyi. Bev., U, 818 a082). 
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is substituted, the following relation connecting the dia- 
magnetic susceptibility and the electric polarisabillty results. 

= (Na)^^^ ... (3) 

Here stands for the radius of the first Bohr orbit. The 
relation is rigorously valid only for atoms but a tentative 
application of this to simple molecules will be made in the 
present paper. In this case, the relation will naturally be 
expected to be only of approximate validity as neither the 
magnetic nor the optical anisotropy of the molecules has been 
taken account of in its derivation. T^'e will therefore reejard 
X and a as representing the average values of the principal 
susceptibilities and the polarisabilitios respectively. It must 
howev{ir bo remarked that th(^ average polari.sabilitv of a 
molecule may be expected to be sonujwhat larger than the 
sum of the individual polarisabilitios of the constituent atoms - 
and thus the value of a calculated with the help of equation (3) 
will apparently be increased. Such an increase in the average 
polarisability due to molecule formation is only of the order 
of about 10^ even in highly anisotropic molecules and this 
would cause an apparent increase of about 5^ in the value 
of a as the polarisability enters under a square root in i qua- 
tion (3). It will be seen later that this does not alTect the 
main conclusion of the proseut paper. 

In applying the above relation to molecules one should, 
in the place of the Langevin-Pauli formula, use the fuller 
expression 


Om 


N 

t-1 


('■?)oo 




I n) I g 

hv(n': n) 


(4) 


given by Van Vleck ® for the molal diamagnetic susceptibility 
of polyatomic molecules. The second term in equation (i) 


2 K. B. flauianatbaD, Proo. Boy. Boc., 107, (J84 (1924). 

* Theory of Electric and Sagnatie SumplibilUiet, p. '216 (1982). 
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is characteristic of molecules and indicates the presence, in 
these cases, of a feeble paramagnetism independent of tem- 
perature, Denoting this term by C, we have the relation 


N 


t*0 


(r?) 


00 


=,<c-x) 


6)tt. c® 

~L^' 


Substituting this in equation ( 1 ) and neglecting <r as before 
we obtain 

C-x- J.jimo^) (N (5) 

for molecules in place of equation ( 3 ) of atoms. In this 
equation, ^ represents the actual molal diamagnetic suscepti- 
bility of the gas and it can be miiiierically evaluated only 
if the value of C is known, A direct theoretical computation 
of this term is very difficult even in simple cases and as such 
il has so far bc?0n done only for hydrogen.^ On the other 
hand if we substitute the known diamagnetic susceptibilities 
for X ill equation ( 5 ), the value of C may in each case be 
deduced. This has been done in the following Table for some 
simple molecules so chosen as to bring out the essential 
features. 


Table I. 


(itlB 

N 

o X in24 

xxin« 

C (Calc.) 

X Kja 

1 

7 

, 

2 

0’818 

3*99 

0 

2’57 , 

1-00 


' 14. j 

1-748 

12!> 

2-5 

3-56 

0-63 

COa 

22 

2-642 

18-7 

5'(} 

9-72 

0-60 

NjjO 

22 

2 ms 

J8'9 

6*8 

12*47 

0*34 


The diamagnetic susceptibilities for II2, CO3 and N2O are 
due to Son6, whereas the one for nitrogen is due to Vaidya- 


« J. H. Van Vleck and A. Prank., Proc. Nat. Acad., 16, 539 (1929). 


620 


S. UHAOAVANTAM 


nathan. Different observers have obtained values ranging 
from 10 X 10~'5 to about 16 X 10-® for nitrogen and hence this 
mean value is selected. Bitter® has recently reported a very 
high value for Ha and a correspondingly large susceptibility 
for GOg and Na but he obtains a somewhat surprising and 
unexpected result in that the susceptibility of Ha comes down 
according to him to the normal value (3'3 X 10“*^ ) at low 
temperatures. In view of the uncertainty involved, his 
results are not included in the Table, p is the depolarisation 
of the light scattered transversely by these gases and y is the 
anomaly in the Verdet’s constant. 

It is to be noted that the value of 0 comes out as zero 
in hydrogen suggesting that the liydrogen molecule approach- 
es very closely to atomic symmetry.® This result has already 
been noted by Van Vleck and by Serber ’’ as this alone, of 
all the molecules, exhibits a normal Baraday rotation in the 
sense that the classical Becquerel formula, which may be 
expected to be valid only for atoms, is applicable without any 
modifications in this case. 

It is also noteworthy that the value of C, both absolutely 
and when expressed as a fraction of the actual susceptibility, 
increases as we pass from Hg to Ng to COg and NgO, In the 
last named compound its value is over 30^ of the actual 
susceptibility. That this is also the order of increasing asym- 
metry of the molecules is clearly borne out by the figures 
given in column 6 of the Table. These figures represent the 
depolarisation of the light transversely scattered by the gases 
and afford a measure of the optical asymmetry of the respec- 
tive molecules. The increasing non-monatomic character of 


» Phyi. Ecy., 38, 1648 (1930). 

® Saoh a perfect agreement with the atomic formula is probably partly accidental as 
Van Vleck and Mige Frank (loc. cit.) have found that this term bae a finite^ although email 
(about 10% of the Langevin-Pauli term), value in Hjj. It ia however certain that ite value 
in this caee ie very email. 

rPhye^Bet., 11,489 (1933). 
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this series is also brought to light by the figures for the 
anomaly in the Faraday rotation given in the last column. 
The origin of such a i>aramagnetic term in molecules has been 
investigated by Van Vleck and its existence is due to nu- 
clear fields which do not possess central symmetry. That it 
should be large in uMymmetrical molecules is therefore to be 
expected and the results are in accordance with such an 
expectation. 

In conclusion, the author desires to express his grateful 
thanks to Prof. Sir 0. Y. llaman for his kind interest and 
helpful suggestions. 
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